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PREFACE. 



LASD-SuByiYiNG is perhaps the oldeat-of the mathematjoal arts. Indeed, 
Geometry itself, as its name — "Land-measuring" — implies, is said to 
have arisen from the efforts of the Egyptian sages to recover and to fix 
the land-marlia annually swept away hy the inundations of the Nile. 
The art is also one of the moat important at the present day, as deter- 
mining the title to laud, the fonndation of the whole wealth of the 
world. It is besides one of the most useful as a study, from its 
striking osemplifioations of the praetleal bearings of abstract mathematics. 
But, strangely enough, Surveying has never yet been reduced to a system- 
atic and symmetric whole. To effect this, by basing the art on a few 
simple principles, and tracing them out into their complicated ramifications 
and varied applications (which extend from the measurement of " a mow- 



ig lot" to that of the Heavens), 


has been the earnest endeavor of the- 


present writer. 
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IT LIND-SEEVEYWG. 

A double object has been kept in view in its preparation; viz. to 
produce a very plain introduction to the subject, easy to he mastered by 
tlie young scholar or the practical raan of little previous acciuiroment, 
the only pre-requisites being arithmetic and a little geometry; and at the 
same time to make the inalruction of such a character as, to lay a founda- 
tion broad enough and deep enough for the most complete superstructure 
which the professional student may subsccjuently wish to raise upon it. 

For the convenience of those wishing to mal;o a hasty examination of 
the book, a summary of some of its leading points and most peculiar 
features will here be given 

I. AU the operations of Surveying are deduced from only five simple 
principles. These principles aro enunciated and illustrated in Chapter 1 , 
of Part I. They will be at once recognized by the Geometer as familiar 
systems of " Coordinates;" but they were not here arbitrarily aissumed in 
advance They were arrived at most practically by analyzing all tho 
numerous and incongruous methods and contrivances employed in Sni- 
vejing, and rejecting, one after another, all extraneous and non-essential 
portions, thus reducing down the operations, one by one and step by 
step, to more and more general and compreheniive laws, till at hi-t 
by continual elimination, they were nnespectedly resolved inlo tlie'i 
few and simple principleis; upon which it is here attempted to build uji 
a symmetr eal ^ijatcm 

II The tl ree operat ons ommon to all k nds of Land « rvey ng v 7 
Mak ng the Mea urementa Drawi g the Ma| a d Calculat ng th 
Contents arc fully esan ne 1 n arf en Part I Chaj t r " o 4 
so that when tl e var s nethods of S riey nj, are b eque tly taken 
up only th tew ew po nts wh ( ■ir p c 1 ar t i\ re| e (0 i 
expla ned 

Each k nd of Survey g f u led on one of the fiv fundan t 1 p 
cples 13 then esjlaned t tir the ucc e Pi t 1 1 e 1 

carefully kept dist net fr m the rest 
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Preface. v 

III \. e milcto =\ Icm (jf '^um-viiij,' with onlj x r] in i rope or 
any substitute ( niviluj.bli' to fTrmprn hiving ai cthi.r in tiunictita ) i*. 
very fully devtioped in Part II 

IV The vauous Problem^, in Chapter D if Pirt II will be found 
to constitute a course of piactical Geometry ii the giound \3 some 
tt their demonstrations involve the Themy of Transversal" ett {i 
beautitul bupplement to the ordin'U'y Geimttry) -i carifully digested 
'iumimr3 of its principal Theorems !3 here gUf,n for the hr-t 'ieik, in 
English It will be found in Appendix B 

V In Compass Surveying Pirt III the Fieli wjrL in Chiftt.r 3 
If adapted to our imencan practice wme new mi.defl of pJitlmg bear 
mgs arc given in Chapter 4 and in Chiptt,r (j tbo rectxttj^jhi luitbod 
1 1 calculating contents is much simplified 

VI The I fllcts of the (.nntmual change in the \ariaa<.n of th,. m^ 
netio needle upon the surveys of oil linei the difficulties caused Ij it 
ind the means uf remedying them no treated of with great minuteness 
of practical detail A new table has been calculatLd for thi, time oS 

greatest izimuth those in common use being tin, sam is the one 
prepare! by ITuoimeie in 1814 and conser[uently ^reitly in error now 
from the change of plooi' of the North Star since that date 

YII In Part IV in Chapter 1 the Tiannt and Theodolite ire 
splained in e^ciy pointj, in Chaptei 2 aU forms of Verniers are shewn 
by numeious engia\ings and in Chapter 3 the idjustin nts irc 
elucidated by some novel mrdes if illustration 

\ III In Part VII will be found all the best methods of overcoming 
obstacles to si^h'' inl to measurement in angulai Surveying 

IX Part XI contains a very complete and systematic colleotinn yf 
the principal problems in the Dnision of Land 

X: The Methods of 'surveying the Pul h Lands tf the United 'States 
of marking line' and corners &c are given m Part \II fiuni ofheial 
documents with gi eat minuteness, since the subject interests so many 
land-ownors residing in the Eastern as well as in the Western Stitea 
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Ti LAfllD-SURVEVI-VG. 

XI. The Tables comprise a Traverse Table, computed for this volume, 
and giving increaaed accuracy in onc-fifleentii of tbo usual space; a 
Table of Chords, appearing for the first time in English, and supplying 
tte most accura,te method of platting angles; and a Table of natural 
Sines and Tangenis. It was thougtt best not to increase the size of 
the volume with Logarithmic Tables, not absolutely necessary for its 
purposes, and to be found in all Trigonometries. The tables are printed 
on tinted paper, on the eye-saving principle of Eabbage. 

XII. The great number of engraved illustrations, most of them orig- 
inal, is a peculiar feature of this volume, suggested by the experience of 
the author that one diagram is worth a page of print in giving clearness 
and definiteness to the otherwise vague conceptions of a student. 

XIII. The practical details, and hints to the young Surveyor, have 
been made exceedingly full by a thorough examination of more than fifty 
works on the subject, by English, French and German writers, so as to 
make it certain that nothing which could be useful had been overlooked. 
It would be impossible to credit each item (though this has been most 
scrupulously done in the few eases in which an American writer has been 
referred to), but the principal names are these ; Adams, Ainslie, Baker, 
Begat, Belcher, Bourgeois, Bourns, Brees, BruiF, Burr, Castle, Fran- 
coeur, Frome, Galbraith, Gibson, Guy, Hogard, Jaekson, Lamotte. 
Lefevre, Masoheroni, Narrien, Nesbitt, Pearson, Puillo, Puissant, Eeg- 
nault, Richard, Serret, Simms, Stevenson, Weisbaeh, Williams. 



Should any important error, either of printer or autlior, ho d 
(as is very possible in a work of so much detail, despite the great care 
used) the writer would be much obliged by its prompt communication 

The present volume wiO be followed by another on Levelling ti^ii 
HiQHEB Surveying : embracing Levelling (with Spirit-Level, Theodo- 
lite, Barometer, etc.) ; its applications in Topography or Hill-drawing, 
in Mining Surveys, etc. ; the Sextant, and other reflecting instruments; 
Maritime Surveying ■ and Geodesy, with its practical Astronomy. 
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SENERAL MTISION OV THE SUBJECT. 

iA full AnalytiMl Taltle of Conlmts is given at Iks end ef tU mlume-J 

PART I. GENERAL PRINriPLLS AND OPERATIOAS. ^°^' 

ClIAFT. 1. DeFISITIOKS AND METH Dl <* 

ChAPT. 2. MAKIIJO THE MBASlKEMtBT'J If 

Chafi. 3. Dbawino toe Wtp i> 

CllAPT. 4. CAIClltiTlHO THS CONTENT ^M 

PART II. (^AIN SfRVETING. 

CnAPT. 1. SuRvcTiNQ BT Diagonals 5" 

CHAPT. 2. SUKVEYINQ BY TlE LlNKS b6 

Chapt. 3. Sl-rveyimd BY Perpendioclars 6i< 

ChAFT. 4, SURVEYINQ BT THBSB METHODB COMBINED 8. 

CnAET. 5. Obstacles to Me13ubemen» W 
PART lU. COMPASS SlJRVEri\C, 

Chapt. 1. Andulae Sueykyibo in Genjeai. 122 

Chapt. 2, The Compass 12" 

Chapt. 3. The Fibld-Work 199 

Chapt. 4. Plattinq the bPRVEY 157 

Chapt. 5. Latitudes and Departure' 169 

Chapt. 6. Calcclating the C ntent 180 

Chapt. 7. Magnetic Vabiitiom 181 

Chapt. 8. Chabces in the ^ abiatiov -■ 20-" 

PART IV. TRASSIT AK« THEODOLITE ^IfRVElWO, 

Chapt. 1, The Instrdmekts 211 

Chapt. 2. Verniers 228 

Chapt. 3. Adjustments 240 

Chapt. 4. The Field-Work _50 

PART V, TRIAKGUUR '^JRTEIIBIG 2b0 

PART YI. TRILIiVEAR SIIRVE¥I\C 

PART Vn. OBSTACLES I\ ANGULAR SURTEIUIG, 

Chapt, L pERPENDicolABfi ami Paraheis ''■" 

Chapt. 2. Obstacles to Alinbuent 282 

Chapt. 3. Obstacles to 'Measdreiient 28 

Chapt. 4. Supplying Omission 2r 

PART Via. PLANE-TABLL MRVEIIIVG o 

PART IX, SCRVEYING HllllOd lAsTRHIElVTS ii 

PART S. J!APPI\G. 

Chapt. 1. Copying Plats 31(i 

Chapt. 2. Conventional Sighs 322 

Ch.^pt. 3. Finish IMG the Map 32f 

PART XI. LAYWfG OIT A?;i> UIVIDI.VG IP LAM). 

Chapt. 1. Laying our Land 330 

Chapt. 2. Pabtinq orr Lanb 334 

Chapi. 3. DiVMiNOup Lake 347 

PART XIL fiVITED STATES' PDBLK; LANDS 36? 

APPENDIX A— SynoisisifPiaheTriconometky 370 

APPENDIX B— Deucn tr4Tion3 of PaoBiEaa, &c 8S7 

APPENDIX C— I-iTE)DDLTI>-JT0LEyBI,LlNC 409 

ANALYTIC U P \.TI F OI CONTENTS 415 
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TO TEA GHERS AND STUDENTS. 



Ai it i3 dsjirable to obtain, at the earliest posaibfe period, a sit^iejiC ktiOTclEdgc of the g;en£ral 
princes qf Surv^inff to commence its practice, the Stitdefit at Ms first reading tnay omit tile 
portims indicated bclote, and take tierit up suAsegaently m conjiection with hit tseiob of his studies. 
The aatru OBusaions may be viade by Teachers vjhaae classes bave anljf a short time for this study. 

In PART I, omit only Articles (4fl), (47), (48), (51), (72), (34), (85). 

In PART II, omit, i:i OajMn- II', QST), (las), (139), 030),- and ia Chapter V. team ii( jfr« 
imder each Froblem, only one or aco of the sio^Ur tiuthode. 

In FART III, omit onl^ (335), (aaS), 233), (233), ^44), (851), (280), (297), (332). 

Tien pais aver PART IV; and in PART V, lake only ^79), (380) : a/ad (391) to (395). 

Then pass aver PART VI: and go to PART VII, (if Ihs student has siiidiid Trigonometry), 
and omit (453) ,■ (434) lo (J38) ; and all of CMpier IF, except (439) aitd (440X 

PART VIII may be passed onfr; and PARTS IX ind X may be taken iafaX'.. 

la PART XI, take aJJ of Chapter /; and in Oti^ers II and HI, lake oii(y thr simpler '„,i 
rtnislioM, wit omitting, toaever, {51T), (518) and (538). 

Jo PART XII, late (560), (561)i (565), (566). 

Appmdii C. on LEVELLING, may conclude this abridged course. 
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LAND-SURYEYIM. 



PAET I. 

GENERAL PRINCIPLES 

AND 

FUNDAMENTAL OPERATIONS. 



DEFIMTIONS AND METUODS. 

(i) SuRVEYiNa 13 the art of making such measarements as will 
determine the relative positions of any points on the surface of the 
earth ; eo that a Map of any portion of that surface may be drawn, 
and its Content calculated. 

(2) The position of a point is said to be determined, when it is 
known how far that point is from one or more given points, and in 
what direction thcre-from ; or how far it is in front of them or 
behind them, and how far to their right or to their left, &e ; so 
that the place of the first point, if lost, could be again found by 
repeating these measurements in the contrary direction. 

The "pouits" which are to be determined in Smweymg, are not 
the mathematical points treated of in Geometry ; but the comers 
of fences, boundary stones, trees, and the lite, which are mere 
points iti comparison with the extensive surfaces and areas which 
they are the means of determining. In strictness, their centres 
shoidd be regarded as the points alluded to. 
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10 GENERAL PKIIVCIPLES. [part i. 

(3) A Btraiglit Line ia " detenninecl," tliat is, haa its length 
and jta position known and fixed, when the points at its extrem- 
ilica are determined ; anil a plane Surface has its form and dimen- 
sions determined, when the linea wliich bound it are determined, 
Consequentiy, the deteimination of the relative positions of points 
ia all that is necessary for the principal nhject-a of Survejin;; ; 
which are to make a map of any surface, such as a field, farm, 
state, &c., and to calculate its content in si^uare feet, acres, or 
square miles. The former is an application of Drafting, the lattir 
of Mensuration. 

(4) The position of a point may be determined by a variety of 
methods. Those most frequently employed in Surveying, are the 
followmg : 

(5) First Iflethodi By measuring the distances from the re- 
qidredpoint to two given pomts. 

Thus, in Pig, 1, the point S is " deter- ''°' ■ 

nuned," if it ia knoivn to he one inch ^--. 

from A, and half an inch from B : for, / \,_^ 

i place, if lost, coidd be found by de- 



scribing two arcs of circles, from A and B as centres, and ivith the 
given distances as radii. The required point would be at the 
intersection of these arcs. 

In applying this principle in surveying, S may represent any 
station, such as a comer of a field, an angle of a fence, a tree, a 
house, &c. If then one comer of a field he 100 feet from a 
second comer, and 50 feet from a third, the place of the first cor- 
ner is known and determined mtli reference to the other two. 

There will be two points fulfilling this condition, one on each side 
of tlie ^ven Ime, but it will always be knoira which of them is the 
one desired. 

In Geography, this principle is employed to indicate the posi- 
tion of a town ; as when we say that Bufialo is distant (in a straight 
line) 295 miles from New- York, and 390 from Cincinnati, and 
thus convey to a stranger acquainted with only the last two plaees 
a correct idea of the position of the first. 
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OHAF I.] Defioitlons aod Metbods. 11 

In Analytical G-eometry^ the liaes AS and BS are known as 
"Focal Oo-ordinates ;^' the general name "co-ordinates" being 
applied to the linea or angles which determine the position of a 
point. 

(6) Second Metbod. By measuring the perpendievXar dis- 
tance from the required point to a given line, and the 
thence along the line to a given poini. 

Thus, in Mg, 2, if the perpendicular dis- ^'S- 

tance SC be half an inch, and CA be one 
inch, the point S is' " determined" : for, its 
place could be agMn found by nieasumg one 

inch from A to C, and half an inch from C, S 

at right angles to AC, which would fix the point S. 

The Public Lands of the Tlnitod States are laid out by tliis 
method, as ■vvill be explained in Part XII. 

In G-eography, this principle is employed under the name of 
Latitude and Lon^tude. 

Thus, Philadelphia is one degree and fifty-two minutes of longi- 
tude east of Washington, and one degree and three minutes of lati- 
tude nortii of it. 

In Analytical Geometry, the linea AC and CS are known as 
"Reetangular Co-ordinates." The point is there regarded as 
determmed by the intersecfaon of two lines, drawn parallel to two 
fixed lines, or "-4a^es,"and at a given distance from them. These 
Axes, in the present figure, would be the lino AC, and another 
Iine,perpendicular to it and passing through A, as the oi-igin. 

(7) Tbird Metbod. By measuring the angle between a given 
line and a line drawn from any given point of it to the required 
point; and also the length of this latter line. 

Thus, in Kg. 3, if we know the angle yw.3. 

BAS to be half a right angle, and the line s," 

AS to be one inch, the point S ia determin- / 

ed ; for, its place could be found by draiving / 
from A, a line making the g^ven angle with ^ ^ 

AB, and measuring on it the given distsnte. 
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12 GEKERAL PRIKCIPLES. [part i. 

In applying this principle in survejing, S, as before, may repre- 
eenfi any station, and the line AB may be a fence, or any other 
real or ima^ary line. 

Iq " Compass Surveying," it is a north and south line, the direc- 
tion of which is given by the magnetic needle of the compass. 

In G-eogra'phy, thia principle ia employed to determine the rela- 
tive positions of places, by " Bearings and distances " ; as when we 
say that San Francisco is 1750 miles nearly due west from St. Louis ; 
the word "west" indicating the direction, or angle which the Ihie 
joining the two places makes with a north and south line, and 
the number of miles ^ving the length of that hue. 

In Analytical Q-eometry, the line AS, and the angle EAS, are 
called "Poiar Co-ordinates." 

(8) Poorth Method. By measuring the angles made with a 
given line by two other lines starting from given points wpon it, 
and passing through the required point. 

Thus, in Kg. 4, the point S is deter- I'lg. 4. 

mined by being in the intersection of the 
two lines AS and BS, which make re- 
spectively angles of a half and of a third 

of a right angle with the line AB, which ^ ^"" 

is one inch long ; for, the place of the pomt could be found, if lost, 
by drawing from A and B lines making ivith AB the known angles. 

In 0-eography, we might thus fix the position of St. Louis, by 
saying it lay nearly due north from New-Orleana, and due west 
from Washington. 

In Analytical (reometry, these two angles would be called 



(9) In Fig. 5, are shown together all 
the measurements necessary for determin- 
mg the same point S, by each of the four 
preceding methods. In the Mrst Me- 
thod, we measure the distances AS and A' 
BS ; in the Second Method, the distances AC and CS, the latter 
at right angles to the former ; in the Third Method, the distance 
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Definitions and Methods. 



13 



AS, and the angle SAB ; and in tlie Fourth Method, the angles 
SAB and SBA. In all these methods the point is really detei> 
mined by the intersection of two lijies, either straight lines or 
area of circles. Thus, in the First Method, it is determined by 
the intersection of two circles ; in the Second, by the intersection 
of two straight lines ; in the Third, by the intersection of a straight 
line and a circle ; and in the Fourth, by the intersection of two 
straight lines, 

(10) fifth method. By measuring the angles made with each 
other hy three lines of sight passing from the required point to 
threepoints whose positions are known. 

Thus, in 51g. 6, the point S is deter- Fig. g. 

mined by the angles ASB, and BSC 
made by the three lines SA, 1 
SC. 

(jleographically, (he position of Chi- 
cago would be determined by three 
straight lines passing from it to Wash- 
ington, Cincinnati, and Mobiie, and mak- 
ing known angles with each other ; that of the first and second 
lines being about one-third, and that of the second and third lines, 
about one-half of a right angle. 

Prom the three lines employed, this may be named the Metlioiil 
of Trilinear co-ordinates. 




(II) The position of a point is sometimes deternuned by the 
intersection of two lines, which are themselves determined by their 
extremities being ^ven. Thns, in Fig. 7, 
the point S is determined by its being sit^ 
uated in the intersection of AB and CD. 
This method is sometimes employed to fix 
the position of a Station on a Rail-Eoad 
line, &c., when it occnra in a place where 
a stake cannot be driven, such as in a pond ; and in a few other 
cases ; hut is not used frequently enough to require that it should 
be called a sixth principle of Surveying. It is said to be employed 
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by smugglera to fix the spot where they Iiavc sunlt contraband 
goods. 

(12) These five mefJiods of determining the positions of points, 
produce five corresponding systems of Surveying, which may be 
named as follows : 

I. DIAGONAL SURVEYING. 

n. PERPENDICULAR SURVEYING. 
in. POLAR SURVEYING 
IV. TRIANGULAR SURVEYING. 

V. TRILINEAR SURVEYING. 

(13) The above division of Surveying has been made in har- 
mony with the principles involved and the methods employed. 

The aubjecfc is, however, sometimes divided with reference to the 
imtruments employed ; as the chain, either alono or with cross- 
staff; the compass; tJie transit or theodolite; the sextant; the 
plane table, &c. 

(U) Surveying may also be divided according to its objects. 

In Land Surveying, the content, in acres, &c., of the tract sur- 
veyed, is usually the principal object of the survey. A map, 
showing the shape of the property, may also be required. Certain 
sigoB on it may indicate the different kinds of culture, he. Thb 
laud may also be reqmred to be divided up in certain proportions ; 
and the lines of division may also be required to be set out on the 
ground. One or all of these objects may be demanded in Land 



In Topographical Surveying, the measurement and graphical 
representation of the inequalities of the ground, or its " relief," i. e. 
its hills and hollows, as determined by the art of " LeveOmg," 'n 
the leading object. 

In Maritime or HydrograpMcal Surveying, the positions of 
rocks, shoals and channels are the chief subjects of examination- 
la Mining Surveying, the directions and dimensions of the sub- 
terranean passages of mines are to be deteiminfd. 
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(15) Surveying may also be divided according to the extent of 
the district surveyed, into Plane and G-eodesio. Creodcsy tabes 
into account the curvature of the earth, and employs Spherical 
Trigonometry. Plane Surveying disregards this curvature, as & 
needless refinement except in very extensive surveys, such aa those 
of a State, and considers the surface of tiie earth aa jilane, which 
may safely be done in surveys of moderate extent. 

(t6) I^and Surveying is the principal subject of this volume ; 
the surface surveyed being regarded as plans; and each of the 
five Methods being in turn employed. Tor the purposes of instruc- 
tion, the subject mil be best divided, partly with reference to the 
Methods employed, and partly to the Instruments used. Accord- 
ingly, the Mnt and Second Meiiiods (Diagonal and Perpendic- 
ular Surveying) will be treated of under the title " Chain Survey- 
ing," in Part II. The TMrd Method (Polar Surveying) 'will be 
esplamed under the titles " Compass Surveying," Part HI, and 
" Transit and Theodolite Surveying," Part IV. The Fourth and 
Mfik Methods will bo found under their own names of " Triangu- 
lar Surveying," and "Trilinear Surveying," in Parts V and VI. 

(17) In all the methods of laad Surveying, there are three 
stages of operation : 

1° Meamring certain lines and angles, and recording them ; 
2° Drawing them on paper to some suitable scale ; 
3° Calculating the content of the surface surveyed. 
The three following chapters will treat of each of these topics in 
their turn. 
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CHAPTBK II. 

MAKIIVG THE MEASUREMENTS. 

(18) The Measurements -which are required in Surveying, may 
be of lines or of angles, or of botii ; according to tlie Method em- 
ployed. Each will be successively considered. 

MEASURING STRAIGHT LINES. 

(19) The lines, ordistaocea, which are to be measured, may be 
eitlier actual or visual. 

Actual lines are such as really exist on the surface of the land 
to be surveyed, either bounding it, or crossmg it ; such as fences, 
ditches, roads, streams, &c. 

Visual lines are imaginary lines of sight, either temporarily 
meaaured on the ground, such as those joining opposite comers o£ 
a field; or simply indicated by stakes at tlieir extremities or other- 
wise. If long, they are "ranged out" by methods hereafter to be 
described. Lines are usually measured with chains, tapes or rods, 
divided into yards, feet, lints, or some other unit of measurement. 

(20) Gunter^ Cbain. This is the measure most commonly 
used in Land surveying. It is 66 feet, or 4 rods long." Eighty 
such chmns make one mile. 



Z> 



It is composed of one hundred pieces of iron ivire, or hnks, each 
bent at the end into a ring, and connected with the ring at the end 
of the nest piece by another riiig. Sometimes two or three rings 
are placed between the Imks. The chain is then less liable to 

• This length was chosen (by Mr. Edward Gunler) because 10 sqiiaro chainB 
of 66 fectmabe one Here, (as will be shown in Chaplec IV,) and tbo com[jutatini! 
of areas is thus gi'eatly facilitated. For other Surveying purposes, particularly 
for Kail-road worit, a etisin of 100 feet is preferable. On the U,iil>fl States 
Coast Surrej-, the unit of measurement (which at some future time will be the 
mrivenal one) is the French Metre, equal lo 3.381 feet, nearly. 
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twist and get entangled, or " kinked." Two or more swivels are 
also inserted in tlie chain, so that it may tiim around without twist- 
ing. Every tenth linlf is marked by a piece of brass, having one, 
two, three, or four points, corresponding to the number of tens 
which it marks, counting from the nearest end of the chain,* The 
middle or fiftieth link is marked by a round piece of brass. 

The hundredth part of a chain is called a liak.f The great 
advantage of this is, that since links are decimal parts of a chain, 
they may be so written down, 5 ehams and 43 Imks being 5.43 
chains, and all the calculations respecting chains and links can then 
be performed by the common rules of decimal Arithmetic. Each 
link is 7.92 inches long, bemg = 66 X 12 H- 100. 

The following Table will be found convenient : 



CHAINS INTO FEET. 




PEET INTO LINKS. ] 


CHAINS 


BEET. 


CHA 


NS. FEET. 


FEET. 


UNKS. 


FEET. 


IJSKS. 


0.01 


0.66 


~ 


00 66. 


0.10 


0.15 


10. 


15.2 


0.02 


1.32 


2 


132. 




0.20 


0.30 


16. 


22.7 


0.03 


l.»8 


3 


198. 




0.26 


0.38 


20. 


30.3 


0.04 


2.64 


4 


264. 




0.30 


0.46 


25. 


37.9 


0.06 


3.80 


6 


330. 




0.40 


0.60 


30. 


45.4 


0.06 


3.96 


6 


396. 




0.50 


0.76 


33. 


50.0 


0.07 


4.62 


7 


462. 




0.60 


0.91 


35. 


63.0 


0.08 


6.28 


8 


628. 




0.70 


1.06 


40. 


60.6 


0.09 


5.94 


9 


594. 




0.76 


1.13 


45. 


68.2 


0.10 


6.60 


10 


660. 




0.80 
0.90 


1.21 
1.36 


50. 
66. 


75.8 
83.3 


0.20 


13.20 


20 


1320. 




1.00 


1.62 


60. 


90.9 


0.30 


19.80 


30 


1980. 




2. 


3.0 


65. 


98.5 


0.40 


26.40 


40 


2640. 




3. 


4.5 


70. 


106.1 


0.60 


33.00 


50 


3300. 




4. 


6.1 


75. 


U3.6 


0.60 


39.60 


60 


3960. 




5. 


7.6 


80. 


121.2 


0.70 


46.20 


70 


4620. 




6. 


9.1 


85. 


128.8 


0.80 


52.80 


80 


5280. 




7. 


10.6 


90. 


136.4 


0.90 


59.40 


90 


5940. 




8. 


12.1 


96. 


143.9 


1.00 


66.00 


100 


6600. 




9. 


13.6 


100. 


151.6 



• To prevent Ihe very commoQ mistake, of calling forty, sixly; or lliirty.ae 
it has been suggested to make the iltli, Slst, JlsC and 41at links of brass; 
■would at OHce show on which side of the middle of the chain was the dc 
mark. This would be particalarly usefal in Mining Surveying. 

t This musl not be confounded with the pieces of wire which have ihf 
name, since one of them ia shorter than the "link" iiaed in calculation, by 
ring, or more, according to the way in which the chain is made. 
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To reduce links to feet, subtract from the number of links as 
many units as it contains hundreds ; raultiply the remainder by 2 
and divide by 3. 

To reduce feet to links , add to the given number half of itself, 
and add one for each hundred (more exactly, for each ninety-nine) 
hi tiie sum. 

The chain is hable to he lengthened by its rings being pulled 
open, and to be shortened by its links being bent. It should there- 
fore be freciuently tested by a carefuUy-mcasured length of 66 feet, 
set out by a standard measure, on a flat surface, such as the (op 
of a wall, or on smooth level ground, between two stakes, their 
centres being marked by small nails. It may be letl a little longer 
than the true length, since it can seldom bo stretched so as to be 
perfectly horizontal and not hang in a curve, or be drawn out in a 
perfectly straight line.* Distances measm-ed with a perfectly 
accurate chain will always and unavoidably be recorded as longer 
than tiiey really are. To ensure the chain being always strained 
with the same force, a spring, like that of a spring-balance, 
is sometimes placed between one handle and the rest of the 
chain. 

If a line has been measured with an incorrect chain, the true 
length of the hne will be obtained by multiplying tho number of 
chains and links in the measured distance by 100, and dividing by 
the length of the standard distance, as ^ven by measurement of 
it with tho incorrect chain. The proportion here employed is this : 
As the length of tlie standard given by the incorrect chain is to 
the true length of the standard. So is the length of the line ^ven 
by the measurement To the true length. Thus, suppose that a 
fine has been measured with a certain chaui, and found by it to be 
ten chains long, and that the chain is afterwards found to have been 
so stretched that the stsmdard distance, measured by it, appears to 
be only 99 links long. The measured line is therefore longer 
than it had been thought to be, and its true length is obtained 
by multiplymg ten by 100, and dividing by 99. 

" Tho chain uatd by Ihe Government Surveyors of France, which is 10 Metres, 
or about half a. Gaiitei's ohahi ia lengih, is made from ore-fifth to Iwo-fiflhs of an 
inch longer than tbe standard. An inaccuracy of one five hundredth of its iengtli 
(^IJ inches on » Canter's chnin) ia the utmost allowed not to vitiate the survey. 
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(21) Pins. Ten iroa pins or " arrows," usually accompany the 
chain.' They are about a foot iong, and are made of stout iron 
wire, sharpened at one end, and bent into a ring at the other. 
Pieces of red and wHte cloth should he tied to their heads, bo that 
they can be easily found in grass, dead leaves, &c. 

They should bo strung on a ring, which has a spring catch to 
retain them. Their usual form is shown in in JBIg. 9. ^>?-S- Fif;. lo. 
Fig. 10 shows another form, made very large, and jp^ ^\ 

therefore very heavy near the point, so that when 
held by the top and dropped, it may fall vertically. 
The uses of this will be seen presently. 

(22) On irregular ground, two stout stakes about 
six feet long are needed to put the forward chain- 
man in line, and to enable whichever of the two ia 
lowest, to raise his end of the chain in a truly vertical line, and to 
strain the chain straight. 

A number of long and slender rods arc also necessary for 
" ranging out" lines between distant points, in the manner to be 
explained hereafter ; m Part II, Chapter V. 



(23) How to Chain. Two men arc required ; a forward chain- 
main, and a hind chain-man ; or leader and follower. The latter 
takes the handles of the chain in his left hand, and the chain itself 
in his right hand, and throws it out in the direction in which' it is to 
be drawn. The former takes a handle of the chain and one pin in 
his right hand, and the other pins (and the staff, if used,) in his 
left hand, and draws out the chain. The follower then walks 
beside it, examining carefully that it is not twisted or bent. He 
then returns to its hinder end, which he holds at the be^ning of 
^e line to he measured, puts his eye exactly over it, and, by the 
words " Eight," "Left," directs tJie leader how to put his staff, 
or the pin which he holds up, " in line," so that it may seem to 
cover and hide the flag-staff, or other object at the end of the line. 



laed.ono being of bra 



leofiv 



* Eleven pins are sonieiimca used, ono being of brasa. Nine nl iron, wi 
or eight of brass, may also be eniployed. Their uees will ba explained 
following article. 
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The leader all the while keeps the chain tightly, stretehed, and his 
end of it touching his staff. Every time he moves the chain, he 
should straighten it by an undulating shake. "When the staff (or 
pin) is at last put " in line," the follower says " Down." The 
leader then puts in the single pin precisely at the end of the chain, 
and rephes " Down." The follower then (and never before hearing 
this signal that the point is fixed) loosens his end of the chain, 
retaining it in his hand. ITie leader draws on the chain, making 
a step to one side of the pin just set, to avoid dragging it out. He 
should keep his eye steadily on the ohject ahead, or, m a hoUovc, 
should hue himself approximately by looking back. The follower 
should count his steps, so as to know where to look for the pin in 
high grass, &c. As he approaches the pm, ho calls " Halt." On 
reaching it, he holds the handle of the chain against it, pressing 
his knee against both to keep the pin firm. He then, with his eye 
over the pin, " lines" the leader as before. When the " Down" 
has been again called by the follower, and answered by the leader, 
the former pulls out the pin with the chain-hand, and carries it in 
luB other hand, and they go on as before* The operation is 
repeated till the leader has arrived at tlie end of the line, or has 
put down all his pins. 

When the leader has put down his tenth pin, he draws on the 
chain its length farther, and after being lined, puts his foot on the 
handle to keep it firm, and calls " Tally." The follower then 
drops his end of the chain, goes up to the leader and gives him 
back all the pins, both counting them to make sure that none have 
been lost. One pin is then put down at the forward end of the 
chain, and they go on as before. 

Some Surveyors cause the leader to call " tally" at the tenth 
pin, and then exchange pins ; but then the follower has only the 
hole made by the pin, or some other indefinite mark, to measure 
from. 

Eleven pins are sometimes preferred, the eleventh being of brass, 
or otherwise different from the rest, and being used to mark the 

* When a ehain'a lengtli wouM end in a ditch, pool of water, &c. and the chain- 
men are afraid of wetting their feet, they can meaflure part of a chain, lo the edge 
uf the water, then etretch the cliain across it, and then moiuure another portion 
of a, chain, so that with the formci' portion, it may mekB up a full chain. 
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end of the eleventh I'l'V's ; another being substituted for it before 
the leader goes on. 

The two chain-men may change duties at each change of pins, 
if they are of equal skill, but the more careful and intelligent of 
two laborers should generally be made " follower." 

When the leader reaches the end of the line, he stops, and holds 
his end of the chain against it. The follower drops his end and 
counts the links heyond the last pin, noting carefully on which side 
of the " fifty" mark it comes. Each pin now held by the follower, 
including the one in the ground, represents 1 chain ; each time 
"telly" has been called, and the pins exchanged, representfl 10 
chains, aud the links just counted make up the total distance. 

(24) TalUeSi In chaining very long distances, there is danger 
of miscounting the number of "talHes," or tens. To avoid mis- 
takes, pebbles, &c., may be changed from one pocket into another 
at each change of pms ; or bits of leather on a cord may be slip- 
ped from one side to the other ; or knots tied on a string ; but the 
best plan is the following. Instead of ten iron pins, use mne iron 
pins, and four, or eight, or ten pins of brass, or very much longer 
than the rest. At the end of the tenth chain, the iron pins being 
exhausted, a brass pin is put down by the leader. The follower 
then comes up, and returns the nine iron pins, but retains the brass 
one, with the additional advantage of having this pin to measure 
from. At the end of the twentieth chain, the same operation is 
repeated ; and so on. When the measurement of the line is com- 
pleted, each brass pin held by the follower counts ten chains, and 
each iron pin one, as before. 

(25) Chftintll^ on Slopes. All the distances employed in 
LandnSurveying must be measured horizontally, or on a level ; for 
reasons to be given in chapter IV. When the ground slopes, it is 
therefore necessary to make certain allowances or corrections. If 
the slope be gentle, hold the up-hill end of the chain on the ground, 
and raise the down-hill end till the chain is level. To ensure the 
elevated end being exactly over the desired spot, raise it along a 
staff kept vertical, or drop a pin held by the point with the ring 
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downwards, (if you have not the heavy pointed ones shown in Fig. 
10), or, wliieh is better, use a plumb-Hue. A person standing 
beside the chain, and at a little distance from it, can best toll if it 
be nearly level. If ike hill be so steep that a whole chain cannot 
be held up level, use only half or qnart«r of it at a time. Great 
care is necessary in this operation. To i 
stretch tlie ivholo chain in line. Hold the 
upper end fast on the ground. Raise up 
the 20 or 30 link-mark, so that that portion 
of the chain is level. Drop a plumb-hne or 
pin. Then let the follower come forward 
and hold down that link on tbis spot, and the leader hold up an- 
other short portion, as before. Chaining down a slope is more 
accurate than chaining up it, since in the latter case the follower 
cannot easily place his end of the chain exactly over the pin. 

(26) A more accurate, though more troublesome, method, is to 
measure the angle of the slope ; and make the proper allowance 
by calculation, or by a table, previously prepared. The correction 
being found, the chain may be drawn forward the proper number 
of links, and the correct distance of the various points to be noted 
will thus be obtained at once, without any subsequent calculation 
or reduction. If the survey is made with the Theodolite, the slope 
oftlie ground can be measured directly. A " Tangent Scale," for 
the same purpose, may be formed on the sides of the sights of a 
Compass. It will be described when that instrument is explained. 

In the following feble, the first column contains the angle which 
the surface of the ground makes with the horizon; the second 
column contains its slope, named by the ratio of the perpendicular 
to the base ; and the tUrd, the correction ua lints for each chain 
measured on the slope, i. e. the difference between the hypothenuse, 
which is the distance measured, and the horizontal base, which is 
the distance desired. 
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TABIE FOR CHAIHING ON SLOPES. 


ANGLE. 


SLOPE. 


CORRECTION 
IN LINKS. 


A«LE. 


SLOPE. 


CORRECTION 
IN LINKS. 


go 


linW 


0.14 


130 


lin 41 


2.56 


40 


linll 


0.24 


14° 


lin 4 


2.9T 


6° 


1 in llj 


0.38 


16° 


lin 4 


3.41 


6° 


lin 9> 


0.55 


16° 


lin 31 


,3.87 


70 


lin 8 


0.76 


170 


lin 34 


4.37 


8= 


lin 7 


0.97 


18» 


linSJ 


4.89 


90 


lin 6J 


1.23 


19= 


lin 3 


6.45 


10= 


lin 6 


1.63 


20° 


liii2| 


6.03 


11° 


lin 65 


1.84 


250 


lin 2 


9.37 


12» 


lin 4J 


2.19 


30" 


linl} 


13.40 



(2J) Chaining is the fundamental operation in all iiinda of Sii> 
vejing. It has for this reason been very minutely detailed. The 
" follower" is the most responsible person, and the Surveyor will 
best ensure his accuracy by taking that place himself. If he has 
to employ inexperienced laborers, he will do well to cause them to 
measure the distance between any two points, and then remeasure 
it in the opposite direction. The difference of their two results 
will impress on thera the necessity of great carefulness. 

To " do up'.' the chain, take the middle of it in the left hand, 
and with the right hand take hold of the doubled chain just beyond 
the second link ; double up the two links between your hands, 
and continue to fold up two double links at a time, laying each pair 
obliquely across the others, so that when it is all folded up, the 
handles will be on the outside, and the ch^n will have an hour-glass 
shape, easy to strap up and to carry. 



(28) Tape. Though the chain is most usually employed for the 
principal measurements of Surveying, a tape-line, divided on one 
side into links, and on the other into feet and inches, is more con- 
venient for some purposes. It should be tested very frequently, 
particularly after getting wet, and the correct length marked on it 
at every ten feet. A " Metallic Tape," less liable to stretch, has 
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been recently manufiictiired, in which fine wires form ita warp. 
When the tape is being wound up, it should be passed between two 
fingers to prevent its twisting in the box, which would malce it 
necessary to unscrew its nut to take it out and untwist it. While 
in use, it should be made portable by being folded up by arm'a 
lengths, instead of being wound up. 

(29) Substitutes for a chain or a tape, may be found in lea&er 
driving lines, marked off with a carpenter's rule, or in £i cord knot- 
ted at the length of every link. A well made rope, (such as a 
"patent wove line," woven circularly with the strands always 
straight in the line of the str^n), when once well stretehed, wetted 
and allowed to dry with a moderate strain, will not vary from a 
chain more than one foot in two thousand, if carefully used. 

(30) Rods. When unusually accurate measurements are re- 
quired, rods are employed. They may be of well seasoned wood, 
of glass, of iron, &c. They must bo placed in line very carefully 
end to end ; or made to coincide in other ways ; as will be explfun- 
ed in Part V, under the title of "Triangular Surveying," in 
which the peculiarly accurate measurement of one line is required, 
as all the others are founded upon it. 

(51) Pafiing, Sound, and other approximate means, may be 
used fi)r measuring the length of a line. They will be discussed, 
in Part IX, under the title " Surveying without Inatrumentg." 



(32) A Perambulator, or " Measuring Wheel," is t 
used for measuring distances, particularly Roads. It consists of a 
wheel which is made to roll over the ground to be measured, and 
whose motion is communicated to a scries of toothed wheels within 
the machine. These wheels are so proportioned, that the index 
wheel registers their revolutions, and records the whole distance 
passed over. If tbe diameter of the wheel be 31-^ inches, the cir- 
cumference, and therefore each revolution, wDl be 8^ feet, or half 
a rod. The roughnesses of the road and the slopes necessarily 
cause the rc^tered distances to exceed the true measure. 
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MEASURING ANGLES. 

(33) THe angle made by any two lines, that is, the difference 
of their direetians, is measured by various instruments, consisting 
essentiaily of a circle divided into eqaal parts, with plain sights, or 
tel^copes, to indicate the directions of tho two Imea, 

As the measurement of angles ia not required for " Chain Sur- 
veying," which is the first Method to be discussed, the considerar 
tion of this Idad of measurement will be postponed to Part III. 

NOTING THE MEASUREMENTS. 

(34) The measurements ivhich have been made, whether of 
lines, or of angles, require to be very carefully noted and recorded. 
Clearness and brevity are the points desired. Different methods 
of notation are required for each of the systems of surveying which 
are to be expliuned, and will therefore be ^ven in their appropriate 
places. 



CHAPTER III. 



DRAWING THE M.UV 



(35) A Map of a survey represents the lines which hound the 
surface surveyed, and the objecta upon it, such as fences, roads, 
rivers, houses, woods, hills, &c., in their true relative dimensions 
and positions. It is a miniature copy of the field, farm, &c., as it 
would be seen by an eye moving over it ; or as it would appear, if 
from every point of its u-regular surface, plumb lines were dropped 
to a level surface under it, forming what is called in geometiicd 
language, its horizontal projection. 

(36) Platttl^. A piat of a survey is a skeleton, or oufline 
map. It is a figure " similar " to the ori^al, having all its angles 
equal, and its sides proportional. Every inch on it represents a 
foot, a yard, a rod, a roiie, or some other length, on the ground ; 
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all the measured distances being diminislied in exactly the same 
ratio. 

Plattins is repeating on faper, to a smaller scale, the mea- 
swrements which have been made on the ground. 

Its various operations may therefore be reduced, in accordance 
with the principles established in the Fig. is. 

first chapter, to two, viz : drawing 
a straight hne in a given directioa 
and of a given length ; and describ- 
ing an arc of a circle with a radius 
whose length is also ^ven. The 
only instruments absolutely necessary for this, are a straight ruler, 
and a pair of " dividers," or " compasses," Others, however, are 
often convenient, and will be now briefly noticed. 

(37) Straight Lines. These are usually drawn by the aid of a 

straightredged ruler. But to obtain a very long straight lino upon 
paper, stretch a fine silk thread between any two distant points, 
and mark in its lino various points, near enough together t« be 
afterwards connected by a common ruler. The tlu'ead may also 
be blactened with burnt cork, and snapped on the paper, aa a 
carpenter snaps his chalk line ; but this is liable to inaccuraoies, 
from not raising the Ime vertically. 

(38) ArcSi The arcs of circles used in fixing the position of a 
point on paper, are usually described with compasses, one leg of 
which carries a pencil point. A convenient substituto is a strip 
of pasteboard, through one end of which a fine needle is tJirust into 
the ^ven centre, and through a hole in which, at the desired dis- 
tance, a pencil point is passed, and can thus describe a circle about 
the centre, the pasteboard keeping it always at the proper distance, 
A string is a still readier, but less accurate, instrument. 

(39) Parallels. The readiest mode of drawing parallel lines 
is by the aid of a triangular piece of wood and a ruler. Let AE 
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be the line to which a parallel is to 
be drawn, and C the point through a . 
which it mnst pass. Place one 
side of the triangle against the 
line, and place the ruler against 
another side of the triangle. Hold 
the ruler firm and immovable, and 
slide the triangle along it till the side of the triangle which had coin- 
cided with the given line, passes through the g?ven point. This 
side will then be parallel to that ^ven iine, and a line drawn by 
it wiU be the line re(imred. 

Another easy method of drawing parallels, is by means of a T 
square, an instrument very valuable for many other purposes. It 
is nothing but a ruler let into a thicker piece of wood, very truly 
at right angles to it. For this use of it, one side of the cross-piece 
must be even, or " flush," with the ruler. To use it, lay it on the 
paper so that one edge of the Fig. 14. 

mler coincides with the ^ven li 
AB. Place another ruler against 
fhe cross-piece, hold it firm, and 
sHde the X square along, till its 
edge passes through the given 
point C, as shown by the lower 
part of the figure. Then draw 
by this edge the desired line paral- 
lel to the given line. 

(10) Perpendiculars. These may be draivii by the various 
probiems given in Geometry, but more readily by a triangle which 
has one right angle. Place the longest 
side of the triangle on the given Ime, 
and place a ruler against a second side 
of the triangle. Hold the ruler fast, 
and turn the triangle so as to bring its 
thu^ side against the ruler. Then will 
the long side be perpendicular to the 
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^ven line. By sliding the triangle along the ruler, it maj be 
used to draw a perpendicular from any point of the hne, or from 
any point to the line. 

(41) Angles. These are most easily set out with an instru- 
ment called a Protractor, usually a semi-circle of brass. But the 
deseriptJon of its use, and of the other and more accurate modes 
of laying off angles, will he postponed till they are needed in Part 
in. Chapter IV. 

(42) Drawing to Scale> The operation of drawing on paper 
lines whose length shall be a half, a quarter, a tenth, or any other 
fraction, of the lines measured on the ground, is called " Drawing 
to Scale." 

To set off on a line any ^ven distance to any required scale, 
determine the number of chains or links which each division of 
the scale of equal parts shall represent. Divide the given distance 
by this number. The quotient wiU be the number of equal parts 
to be taken in the dividers and to be set off. 

For example, suppose the scale of equal parts to be a conmion 
carpenter's rule, divided into inches and eighths. Let the given 
distance be twelve chains, which is to be drawn to a scale of 
two chains to an inch. Then six inches will be the distance f« be 
set off. If the given distance had been twelve chains and seventy 
five hnks, the distance to he set off would have been six inches 
and three-eighths, since each eighth of an inch represents 25 links. 

If the desired scale were three chains to an inch, each 
eighth of an inch would represent 37^ links ; and the distance 
of 1275 links would be represented by thirty-four eighths of an inch, 
or 4\ inches. 

A similar process will ^ve the correct length ia be set off for 
any distance to any scale. 

If the scale used had been divided into inches and tenths, as is 
much the most convenient, the above distances would have become 
on the former scale Cj^j inches, or nearly 6^''^ inches ; and on the 
latter scale 4/(,"ff inches, coming midway between the 2d and 8d 
tenth of an inch. 
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(43) Conversely, to find the real length of a line drawn on 
paper to any known scale, reverse tiie preceding operation. Take 
the length of the line in the dividers, apply it to tie scale, and 
count how many equal parts it includes. Multiply their number 
by the number of chains or links which each represents, and the 
product will be the desired length of the hne on the ground. 

This operation and the preceding one are greatly facilitated by 
the use of the scales to be described in Art. (48) 

(44) Scales. The choice of the scide to which a plat should be 
drawn, tliat is, how many times smaller its liuea shall be than those 
which have been measured <m the ground, is determined by severtd 
considerationa. The chief one is, that it shall he just large enough 
to express clearly all the details which it is desirable to know. A 
Farm Survey would reqiure its plat to show every field and biuld- 
ing. A State Survey would show only the towns, rivers, and lead- 
ing roads. The size of the paper at hand will also limit the scale 
to be adopted. If the content is to bo calculated from the plat, 
that will forbid it to he less than 3 chains to 1 inch. 

Scales are named in. various ways. They should always he 
eayprensed fractionally ; i. e. they should be so named as to indicate 
what fractional part of the real line measured on the ground, the 
representative line drawn on the paper, actually is. When custom 
requires a difierent way of naming the scale, both should be given. 
It would be still better, if the denominator could always be some 
power of 10, or at least some multiple of 2 and 5, such as j^q, 
^_L^ jsVo) 53W) ^*'* ^^^ convenience in printing, these may be 
written thus : 1 : 500, 1 : 1000, 1 : 2000, 1 : 2500, &c. 

Plats of Farm Surveys are usually named as being so many 
chains to an inch. 

Maps of Surveys of States are generally named as being made 
to a scale of so many miles to an inch. 

Maps of BaiWoad Surveys are said to be so many feet to an 
inch, or so many inches to a mile. 

(45) Farm Surveys, If these are of small extent, two chains 
to one mch (which is = ^ ^-^^ "^^ T^ ^ ■'■ ■ l^^^) is convenient. 
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A scale of one cIieuq to one inch (1 : 792) ia naeful for plans of build 
inga. Three chains to one inch (1 : 2376) ia suitable for larger 
farms. It is the scale prescribed by the English Tithe Commia- 
sioners for their first class maps. 

In France, the Cadastre Surveys are lithographed on a. scale 
about eqvuvaient to this, being 1 : 2500. The ori^nal plans are 
drawn to a scale of 1:5000. Plans for the division of property 
are made on the former scale. When the district exceeds 3000 
acres, the scale is 1:10,000. When it exceeds 7,500 acres, the 
scale 'is 1:20,000. A common scale in Prance for small surveys 
is 1:1000; about 1^ chains to 1 inch. 

■ Fig. 16. 

oict: .acre 



OH SCALE OF 1 CHAIN TO 1 INCH:. 
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The choice of the most suitable scale for the plat of a farm sur- 
vey, may be facilitated by the Figure ^ven above, which shows 
the actual space occupied by one acre, (the customary unit of land 
measure), laid out in the form of a square, on maps drawn to the 
various scales named in the figure. 
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(46) State Surveys. On those surveys, smaller scales are 
necessarily employed. 

On the admirable United States Coast Survey, all the scales 
are expressed fractionally and decimally, " The surveys are 
generally platted originaJly on a scaJe of one to ten or twenty thou- 
sand, but in some instances the Bcale is larger a 

These original surveys are reduced for engi „ nd publica- 
tion, and when issued, are embraeed in three gen s e 1°, 
small Harbor charts ; 2°, charts of Eays, Sounds ii 1 3 f the 
Coast General Charts. 

The scales of the first class vary from 1:10,000 to l.t)0,000, 
according to the nature of the Harbor and the different objects to 



Where there are many shoals, rocks, or other objects, as in 
Nantucket Harbor and Hell-(?ate, or where the importance of the 
harbor makes it necessary, a larger scale of 1:5,000,1:10,000, 
and 1:20,000 is used. But where, from the size of the harbor, 
or its ease of access, a smaller one will point out every danger witli 
sufficient exactness, the scales of 1:40,000 and 1:60,000 are 
used, as in the case of New-Bedford Harbor, Cat and Ship Island 
Harbor, New-Haven, &c. 

The scale of the second class, in consequence of the large areas 
to be represented, is usually fixed at 1:80,000, as in the case of 
New-York Bay, Delaware Bay and River, Preliminary charts, 
however, are issued, of various scales from 1 : 80,000 to 1 : 200,000. 

Of the third class, the scale is fixed at 1:400,000, for the 
General Chart of the Coast from Gay Head to Cape Henlopen, 
although considerations of the proximity and importance of points 
on the coast, may change the scales of charts of other portions of 
our extended coast.'" 

The National Survey of Great Britain is called, from the corps 
employed on it, the " Ordnance Survey." 

The " Ordnance Survey" of the southern counties of England 
was platted on a scale of 2 inches to 1 mile, (1:31,680), and 
reduced for publication to that of one inch to a mile, (1:63,360), 
The scale of 6 inches to a mile (1:10,560) was adopted for the 

" CommuiiicBted from the U. S. Coast Survey office. 
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northern counties of England and for the aoudiem counties of Scot- 
land. The same scale was employed for platling and engraving in 
outline the " Ordnance Survey" of Ireland. But a map on a 
Bcale of 1 inch to 1 mile (1:63,360) is about to he puhlished, the 
former scale rendering the maps too unwieldy and cumbrous for 
consultation. 

The Ordnance Survey of Scotland was at first platted on a scale 
of six inches to one mile, (1 : 10,560). That scale has since been 
abandoned, and it is now platted on a scale of two inches to 1 mile, 
(1 : 31,680), and the general maps are made to only half that scale. 

The Ordnance Survey scale for the maps of London and other 
large towns, is 5 feet to 1 mile, (1 : 1056), or IJ chains to one inch. 

In the "Surveys under the Public Health aet" of England, 
the BC^e for the general plan is two feet to one mile, (1 : 2,640) ; 
and for the detailed plan, ten feet per mile, (1 : 528), or two-thirda 
of a chain per inch. 

The <Jovemment Survey of France is platted to a scale of 
1:20,000. Copies are made to 1:40,000; and the maps are 
engraved to a scale of 1 : 80,000, or about | inch to 1 mile. 

Caasini's famous map of Prance was on a scale of 1 : 86,400. 

The Preach War Department employ the scales of 1:10,000; 
1:20,000; 1:40,000; and 1:80,000; for the topography of 
France. 

(47) Rail-road Surveys. For these the New-York General 
Rail-road Law of 1850 directs the scale of maps which are to he 
filed in the State En^eer's Office, to be five hundred feet to one- 
tenth of a foot, (j= 1 : 5000.) 

For the New-York Canal Maps a scale of 2 ch^s to 1 inch 
(1 : 1584) is employed. 

The Parliamentary "standing orders" prescribe the plans of 
RaJl-roada, prepared for ParHamentary purposes, to be made on a 
scale of not less than 4 inches to the mile, (1 : 15840) : and the 
enlarged portiona (as of gardena, court-yards, &c.) to be on a scale 
not smaller than 400 feet to the inch, (1 : 4800.) Accordmgly 
the practice of English Railway Engineers is to draw the whole 
plan to a scale of 6 chains, or 396 feet to the inch, (1 : 4752) as 
being just within the Parliamentary limits. 
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In France, the En^neera of '* Bridges and Eoads" (Corps des 
Ponta et Chaussees) employ for the general plan of a road a scale 
of 1 : 5000, and for appropriations 1 : 500. 

(48) In the United States Engineer service, the following scales 
are prescribed : 

General plaua of buildinga, 1 inch to 10 feet, (I; ISO). 

Mnpa of gnmud, with hocizoutal curves one foot apsrt, 1 inch to 50 feet, (I :S00_) 

Topogmphical maps, one mile and a half square, S feet to one mile, (1: S,640). 

Do. coroprising three mileB square, 1 foot to one mile, (1:5,280). 

Do. between foui; and eight miles square, 6 inches to one mile, (li 10,560). 

Do. compriaiug nine miles sqaare, i inches to one mile, (1 : 15,840). 

Maps not exceoiiiug S4 miles square, 2 inches to one mile, (1 : 31,680). 

Maps comprising 50 miles square, 1 inch to one mile, (1 : 63,360). 

Maps comprising 100 miles square, J inch to one mile, (1 : 196,730.) 

8ur.'eja of Eoads, Canals, &c., 1 inch to 50 feet, (1 : 6O0). 



(49) The most convenient scales of equal parts are those of box- 
wood, or ivory, which have a fiducial or feather edge, along which 
they are divided, so that distances can be at once marked off from 
this edge, without requiring to be taken off with the dividers ; or 
the length of a ^ven line can be at once read off. Box-wood is 
preferable to ivory as much less liable to warp, or to vary in length 
with changes in the moisture in &e air. 

The student can, however, make for himself platting scales of 
drawing paper, or Bristol board. Cut a straight strip of this mate- 
rial, about an inch wide. Draw a line through its middle, and set 



mil M m: 



off on it a number of equal parts, each representing a chain to the 
desired scale. Sub-divide the left hand division inte ten equal 
parts, each of which will therefore represent ten links to this scale. 
Through each point of division on the central line, draw (with 
the T square) perpendiculars extending to the edges, and the 
scale is made. It explains itself. The above figure is a scale of 
2 chams to 1 inch. On it the d^tance 220 links would extend 
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between the arrow-lieads above the line in the figure ; 560 links 
extends between the lower arrow-heads, &c. 

A paper scale has tite groat advantage of varying less from 
a plat which has been ma<ie by it, in consequence of changes 
in the weather, than any other. The mean of many trials 
showed the difference between such a scale and drawing paper, 
when exposed alternately to the damp open atmosphere, and to the 
air of a warm dry room, to be equal to .005, while that between 
box-wood scales and the paper was .012, or nearly 2^ tiroes as 
much. The difference with ivory would have been even greater. 

Some of the more usual plotting scales are hero ^veu in 
their actual dimensions. 

In these five figures, different metboda of drawing the scales 
have been given, hut ea«b method may be apphed to any scale. 
The first and second, behig the most simple, are generally the best. 
In the third the subdivisions are made by a diagonal lino : the 
distances between tbe various pairs of arrow heads, be^nning witb 
the uppermost, are, respectively, 310, 540, and 270 links. 

Fig. 18. Scale of 1 chain to 1 inch. 





II 1 1 1 ^ M 1 1 1 1 j- - 

Fig. 39. ScaU if 2 chains in J iick. 
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Fig. 90. Scale of 3 chains to 1 inch, 
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In the fourth figure tho distances between the arrow heads s 
spectively 310, 270, and 540 links. 

Fig. ai. Scale ff \ dutinsto li«ck. 
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In the fifth figure the scale of 5 chains to 1 inch ia subdivided 
diagonally to only every quarter chain, or 25 linlts. The distance 
between the upper pair of arrow-heads on it ia 12^ chains, or 12. 26; 
between the next pair of arrow-heads, it is 6.50 ; and between the 
lower pah-, 14.75. 

Fig. S3. Scale of S chaiiti in 1 tach. 



^ 
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A diagonal scale for dividing an inch, or a half inch, int« 100 
equal parts, is found on the " Plain scale" in every case of instru- 
ments. 

' ) Vernier Seale< This is an ingenious substitute for the 
diagonal scale. The one given in the following figure divides an 
inch into 100 equal parts, and if each inch be supposed to represent 



Fig. a 
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Make a scale of an inch divided int« tenths, as in the upper 
scale of the above figure. Take in the dividers eleven of these 
divisions, and set off this distance from the of the scale to &e 
left of it. Divide the distance thus set off into 10 equal parte. 
Each of them will be one tenth of eleven tenths of one inch ; i. e, 
eleven hundredths, or a tenth and a hundredth, and the first di- 
viaon on the short, or vernier scale, will overlap, or be longer than 
the first division on the long scale, by just orie hundredth of an 
inch ; the second division will overlap two hundredths, and so on. 
The principle will he more fully developed in treating of" Verniers," 
Part IV, Chapter E. 

Now suppose wc wish to take off from this scale 275 hundredths 
of an inch. To get the last figure, we must take five divisions on 
the lower scale, which will be 55 hundredths, for the-rcason just 
^ven. 220 will remam which are to be taken from the upper 
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scale, and the entire number will be obtained at once by estending 
the dividera between the arrow-heads in the figure from 220 on the 
upper scale (measuring along its lower side) to 55 on the lower scale, 
254 would extend from 210 on the upper scale to 44 on the lower. 
318 would extend from 230 on the upper scale to 88 on the lower. 
Alwaj^ begm then with subtracting 11 lames the last figure from 
the given number ; find the remainders on the upper scale, and 
the number subtracted on the lower scale. 



(51) A plat is sometimes made by a nominally reduced scale 
in the following manner. Suppose that the scale of the plat is to 
be ten chains to one inch, and that a diagonal scale of inches, divided 
into tenths and hundredths, is the only one at hand. By dividing 
all the distances by ten, this scale can then be used mthoufc any 
further reduction. But if the content is measured from the plat 
to the same scale, in the manner explained in the next chapter, the 
result must be multipUed by 10 times 10. This is called by old 
Surveyors " Haiaing the scale," or " Restoring true measure," 



(52) Sectoral Scales, The Sector, (called by the French 
" Compass of Proportion"), ia an instrument sometimes convenient 
for obtaJnmg a scale of equal parts. It is in two portions, turning 
on a hinge, like a carpenter's pocket rule. It contains a great 
number of scales, but the one intended for this use is lettered at its 
ends L m English instruments, and consists of two lines running 
from the centre to the ends of the scale, and each divided into ten 
equal parts, each of which is again subdivided into 10, so that each 
leg of the scale contains 100 *"'o- ^4. 

equal parts. To illustrate 
its use, suppose that a scale 
of 7 chains to 1 inch is re- 
quired. Take 1 inch in the 
dividers, and open the s 
for till this distance vfill just 
reaoh from the 7 on one leg 
to the 7 on the other. The 
sector is then " set " for this 
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scale, and the angle of its opening must not be again changed, 
Now let a distance of 580 links be required. Open the dividers 
till they reach from 58 to 58 on the two legs, as in the dotted line 
in the figure, and it is the required distance. Again, B«pp(«e that 
a scale of 2^ chains to one inch is desired. Open the sector bo 
that 1 inch shaU extend from 25 to 25, Any other scale may he 
obtained in the same manner. 

Conversely, the length of any known line to any desired scale 
can thus he readily determined. 

(53) Whatever scale may be adopted for platting the survey, it 
should be drawn on the map, both for convenience of reference, 
and in order that the contraction and expansion, caused by changes 
in the quantity of moisture in the atmosphere, may afieet the scale 
and the map alike. When the drawing paper has been wet and 
giued to, a board, and cut off when the map is completed, its con^ 
tractions have been found by many observations to average from 
one-fourth to one-half per cent, on a scale of 3 chains to an inch, 
(1:2376), which would therefore require an allowance of trom 
one-half perch to one perch per acre. 

A scale made as directed in Art. (49), if used t« make a plat 
on unstretched paper, and then kept with the plat, will answer 
nearly the same purpose. 

Such a scale may be attached to a map, by slipping it through 
two or three cuts in the lower part of the sheet, and will be a very 
convenient substitute for a pair of dividers in measuring any dis- 
tance upon it. 

(54) Scale omittedi It may be required to find iiie unknown 
scale to which a given map has been drawn, its superficial content 
being known. Assume any convenient scale, measure the lines 
of the map by it, and find the content by the methods to be ^ven 
m the next chapter, proceeding as if the assumed scale were the 
true one. Then make this proportion, founded on the geometrical 
principle that the areas of similar figures are as the squares of their 
corresponcling sides : As the content found Is to the ^ven content 
So is the square of the assumed scale To the square of the true scale. 
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CHAPTER IV. 



CALCCLATING THE CONTENT. 

(55) The CosTENT of a piece of ground is its superficial area^ 
or tho mimber of square feet, yards, acres, or miles ■H-hich it 
contains. 



(56) Horizontal IHeasuremenl. All ground, however inclined 
or uneven its surface may be, should be measured horizontally, or 
as if brought down to a horizoutal plane, so that the surface of a 
hill, thus measured, would ^ve the same content as the level base 
on which it may be supposed to stand, or as the figure which would 
be formed on a level surface beneath it by dropping plumb lines 
from every point of it. 

This method of procedure is required for both Geometrical and 
Social reasons. 

G-eometricall-y, it is plain that this horizontal measurement is 
absolutely necessary for the purpose of obtaining a correct plat. 
In Fig. 25, let ABCD, and BOEF, _ '^''\y 

be two square lots of ground, platted 
horizontally. Suppose tho ground to 
slope in all directions from the point 
C, which is the smnmit of a hill. 
Then the lines BC, DC, measured on 
the slope, are longer than if measur- 
ed on a level, and the field ABCD, 
of Fig. 25, platted with these long 
lines, would taJte the shape ABGD 
in Fig. 26 ; and the field ECEP, 
of Fig. 25, would become BHEF of 
Fig. 26. The two adjoining fields would thus overlap each other ; 
and the same difficulty would occur in every case of platting any 
two adjoining fields by the measurements made on the slope. 
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Let ua suppose another caae, ^'s "^ F'g- 28^ 

more simple than would ever oc- 
cur in practice, that of a three- 
fflded field, of equal 6 
composed of three portions each 
sloping down uniformlj, ("at the 
rate of one to one) from one point in the centre, as in Fig. 27. 
Each slope being accurately platted, the three could not come 
together, but would he separated as in Fig. 28. 

We have here taken the most simple cases, those of unifonn 
slopes. But with the common irregularities of uneven ground, to 
measure its actual surface would not only be improper, hut impos- 
sible. 

la the Social aspect of this'<iuestion, the horizontal measurement 
is justified by the fact that no more houses can be built on a hiU 
than could be hmlt on its flat base : and that no more trees, corn, 
or other plants, which shoot up vertically, can grow on it ; as is 
represented hy the vertical hues in the ^'-' "^■ 

Figure.* Even if a side hiU should pro- J-'fTll^rtixl 

duce more of certain creeping planto, the ^^-^^i i I | I I I I I M 
increased difficulty in their cultivation might perhaps balance this. 
For this reason the surface of the soil thus measured is sometimes 
called the produi)tive haxe of the ground. 

Again, a piece of land containing a hiU and a hollow, if measured 
on the surface would ^ve a larger content than it would after the 
hollow had been filled up by the hill, while it would yet really bo 
of greater value than before. 

Horizontal measurement is called the ".Method of Cultellation," 
and Superficial measurement, the " Method of Developement."f 

Aa act of the State of New-York prescribes that " The acre, for 
land measure, shall be measured horizontally." 

* This question is more i 
Some even of those who ai 
at the head of ai . ' 
hoases than o surface wbic^ is flat and level. Tliia, however, is not the truth. 
For the houses being raised in a vertical line, form right angles, not with the de- 
clivity of the gronudi, but with the flat surface which iies below, and upon which 
the hills Ihemselvea also slatid." 

i The former from Cvlldlnm, a knife, as if the hills were sliced off; the latter 
so named because it etHpa off or unfolds, as it were, the surface. 
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(57) Unit of (iontent. The Acre is the unit of land-measure- 
ment. It contains 4 Roods, A Rood contains 40 Perches. A 
Perch is a square Kod ; otherwise called a Perch, or Pole. A 
Rod is 5^ yards, or 16^ feet. 

Hence, 1 acre = 4 Roods = 160 Perches = 4,840 square 
yards = 43,560 square feet. 

One square mile = 5280 X 6280 feet = 640 acres. 

Since a chain is 66 feet long, a square chain contains 4356 
square' feet ; and consequently ten square efudns make one aere." 

Li different parts of England, the acre varies greatly. The 
statute acre, as in the United States, contains 160 square perches 
of 16J feet, or 43,560 square feet. The acre of Devonshire and 
Somersetshire, contains 160 perches of 15 feet, or 36,000 square 
feet. The acre of Cornwall is 160 perches of 18 feet, or 51,840 
square feet. The acre of Lancashire is 160 perches of 21 feet, or 
70,560 square feet. The acre of Cheshire and Staffordshire, ia 
160 perches of 24 feet, or 92,160 square feet. The acre of Wilt^ 
shire is 120 perches of 16^ feet, or 32,670 square feet. The acre 
in Scotiand consists of 10 square chains, each of 74 feet, and there- 
fore contains 54,760 square feet. The acre in Ireland is the 
same as the Lancashire. The chain is 84 feet long. 

The French units of land-measure are the Are = 100 square 
Metres, = 0.0241 acre, = one fortieth of an acre, nearly ; and the 
Sectare ^ 100 Ares = 2.47 acres, or nearly two and a half. 
Their old land-measures were the " Arpent of Paris," containing 
36,800 square feet; and the " Arpent of "Waters and Woods," 
containing 55,000 square feet. 

(58) When the content of a piece of land (obtained by any of 
the methods to he explained presently) is ^ven in square links, as 
is customary, cut off four figures on the right, (i. e. divide by 
10,000), to get it into square chains and decimal parts of a chain ; 
cut off the right hand figure of the square ckatTis, and the remain- 
ing figures will be Acres. Multiply the remamder by 4, and the 
figure, if any, outside of the new decimal point will be Roods. 
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Multiply the remaintter by 40, and the outside figures will be 
Perches. The nearest roiind number is uaually taken for the 
Perches ; fractions less than a half perch being disregarded.* 
Thus, 86.22 square chains^ 8 Acres 2 Roods 20 Perches. 



Ueo, 64.1818 


do. 


= 6 A. 


IK. 


27 P. 


" 43.7564 


do. 


= 4 A. 


IE. 


20 P. 


" 71.1065 


do. 


= 7 A. 


OK. 


18 P. 


'• 82.50 


do. 


= 8 A. 


IE. 


OP. 


8.250 


do. 


= A. 


.SE. 


12 P. 


0.8250 


do. 


= A. 


OR. 


13 P. 



(59) The following Table gives by mere inspection the Roods 
and Perches corresponding to the Decimal parts of an Acre. It 
explains itself. 





EooBa. 








ROODS. 




- 


1 1 


2 1 3 


Perch CB 




- 





_J_1 2 


3 


Porclies. 


.000 


.250 


.500 


.750 


+ 


JM 


.381 


,631 


,881 


+21 




.006 


.256 


.506 


.756 


+ 1 






.137 


.387 


,637 


.887 


+22 




.012 


.262 


.512 


.762 


+ 2 






.144 


.394 


,644 


.894 


+23 




.019 


.269 


.619 


.769 


+ 3 






.160 


.400 


.660 


.900 


+24 




025 


.275 


.525 


.775 


+ 4 






.166 


.406 


,666 


.906 


+26 




031 


.281 


.531 


.781 


+ 5 






.162 


.412 


.662 


.912 


+26 


s 


037 


.287 


.537 


.787 


+ 6 




t 


.169 


.419 


.669 


.919 


+27 


044 


.294 


.644 


.794 


+ 7 




n 


.175 


,426 


.675 


.926 


+28 


050 


.300 


.550 


,800 


+ 8 




§ 


.181 


,431 


.681 


.931 


+29 


"s 


056 


.306 


.556 


.806 


+ 9 




^ 


.187 


,437 


.687 


.937 


+30 


% 


062 


.812 


.562 


.812 


+ 10 




S 


,194 


,444 


.694 


.944 


+31 


- 


069 


.319 


569 


.819 


+11 




^ 


.200 


,450 


.700 


.960 


+32 


1 


075 


.825 


.575 


.825 


+ 12 




1 


.206 


,466 


.706 


.966 


+33 


'S 


081 


.331 


.581 


,831 


+ 13 




% 


.212 


,462 


.712 


.962 


+34 


(S 


087 


337 


.587 


.837 


+ 14 




O 


.219 


.469 


.719 


.969 


+36 




094 


344 


.594 


,844 


+15 






.226 


.476 


726 


.976 


+36 




100 


.350 


.600 


,850 


+ 16 






.231 


.481 


,731 


.981 


+37 




106 


356 


.606 


.856 


+ 17 






,237 


487 


,737 


,987 


+ 38 




112 


362 


612 


.802 


+18 






,244 


494 


.744 


.994 


+39 




119 


369 


619 


.869 


+19 






.260 


600 


.750 


1.000 


+40 




125 


375 


625 


!875 


+20 

















(60) Chain Correction. When a survey has been made, and 
the plat has been drawn, and tte content calculated ; and after- 

* To reduce aquaro yards to acres, instead of dividing by 4340, it is easier, and 
very nearlv correct, to tnultipiy by 3, cut off four figures, and add to this product 
rae-rtiinl i^f onctcuth oF itself. 
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wards the chain is found to have teen incorrect, too short or too 
long, the true content of the land, may be found by this proportion ; 
^8 the square of fte length of the standard given by the incorrect 
chain is to the square of the true length of the standard So is the cal- 
oula.ted content To the true content. Thus, suppose that the chain 
used had been so stretched that the standard distance measured by 
it appeal's to be only 99 links long ; and that a square field had 
been measured by it, each side containing 10 of these long chains, 
and that it had been so platted. This plat, and therefore the con- 
tent calculated from it, will be smaller than it should be, and the 
correct content will be found by the proportion 99^ ■ 100^ ■ ■ 100 
sq. chams :: 102.03 square chains. If the clii lal bee 
stretched so as to be 101 true links long, as fo nl by conpinng 
it with a correct chain, the content would be ^ by this [ of o 
tion : 100* : 101^ i : 100 square chains : 102 01 8 juare cl am 
In the former case, the elongation of the chain wi 1 t e 1 ks 
and 100^ : (lOl^V)^ :; WO square chains : 102.03 square 



(61) Boundary Lines. The lines which are to be considered 
as bounding the land to be surveyed, are often very uncertain, 
unless specified by the title deeds. 

If the boundary be a brook, the nuddle of it is usually the boun- 
dary Ime. On tide-waters, the land is usually considered to extend 
to low water mark. 

Whore hedges and ditches are the boundaries of fields, as ia 
almost universally the case in England, the dividing line is gene- 
rally the top edge of the ditch farthest from the hedge, both hedge 
and ditch belonging to the field on the hedge aide. This varies, 
however, with the customs of the locality. From tbree to six feet 
from the roots of the quickwood of the hedges are allowed for the 
ditches. 
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METHODS OF CALCULATION. 
(62) The varioTia methoda employed in calculating tlie content 
of a piece of ground, may be reduced to four, which may be called 
Arithmetical, Greometrioal, Instrumental, and Trigonometrical. 



(63) FIRST METHOD.— ARITHMETICALLY. From direct 
measurements of ike neeessan/ lines on the ground. 

The figures to be caleulatod by this method may be either the 
shapes of the fields which are measured, or those into which the 
fields can be divided by measuring various lines across them. 

The familiar rules of mensuration for the principal figures which 
occur in practice, will be now briefly enunciated. 

(64) Rectangles. If the piece of ground be rectangular in 
shape, its contcut is found by multiplying its length hy its breadth. 

(65) Triangles. When the given quantities are one side of a 
triangle and the perpendicular distance to it from tho opposite 
angle ; the content of the triangle is equal to half tiie product of 
tJie side and the perpendicular. 

When the ^ven quantities are iho three sides of the triangle ; 
add together the three sides and divide the sum by 2 ; from this 
half sum subtract each of the three sides in turn ; multiply together 
tiie half sum and the three remEiinders ; take the square root of the 
product ; it is the content required. If the sides of the triangle 
be designated by a, h, c, and their sum by 8, this rule will give its 
area- ^^s (^s — «) Qs'-b) Qs — c^fy 



• When two sides of a triangle, and the incladod Fig. 30. 

angle are given, its content equals half the product I 

of Its sides into the sine of the included angle. De- 
iignating the angles of the ti'iangle by the capital 
letters A,B,C, and the sides opposite ihem by the cor- 
responding small letters a,6,c, the area = i 6c sin. A. 

When one side of a triangle and the adjacent an- ' ■■"■,,. i 

gles are given, its content equals the square of (he giTsn side multiplied hy tf 
sines of each of the given angles, and divided by twici 



e of the B' 



n.{B + C) . 



Hosted by 



Google 



44 FCNDAMENTAL OPERATIONS. [paei i. 

(66) Parallelograms ; or four-sided figures T\-hose opposite 
sides are parallel. Tlic content of a Parallelogram equals the 
product of one of ita sides by the perpendicular distance between it 
and the aide parallel to it. 

(67) Trapezoids ; or four-sided figures, two opposite sides of 
which are parallel. The content of a Trapezoid equals half the 
product of the sum of the parallel sides by the perpendicular dis- 
tance between them. 

If the given quantities are the four sides a, b, c, d, of which h 
and d are parallel ; then, making q^^(_a + b + c — d), the area 
of tiie trapezoid will =: 7—--- / [y (^q — a) (?— c) (y — b + d}."}* 

(68) Quadrilaterals, or Trapeziums ; four-sided figures, none 
of whose sides arc parallel. 

A very gross error, often committed as to this figure, is to take 
the average, or half sum of its opposite sides, and multiply them 
together for the area : thus, assuming the trapeaum to bo cquivar 
lent to a rectangle with these averages for sides. 

In praetical surveying, it is usual to measure a line across it 
from comer to comer, thus dividing it into two triangles, whose 
sides are known,and which can therefore be calculated by Art. (65). t 



icli this Ihird side makea wilJi one of iho paraile! sides, then the 
content of the Irapezoid^tli , a . ain. C. 

i what tmo apposzte sides, and all iJie angles are given, lake one side and its ad- 
jacent angles, (ov their supplements, when their sum exceeds ISO"), consider 
them as belonging to a tciangle, and find its area by Ihe second formula in the 
note on page 43. Do the same with the other side and its adjacent angles. The 
difference of the two areas will be the area of the quadrilateral. 

What three sides and their tmoincliided angles are given, multiply together the eino 
of one given angle end its adjacent sides. Do Ibo same with the sine of the other 
angle and its adjacent sides. Multiply together the two opposite sidsa and 
■ "■' "-' * ' ■ " ■ ■' ' "lefiiW 

e'esifl 
e than 180°, or subtract it if this sam be less, and lake half the result. Call- 
ing the given sides, p, q, r ; and the angle between p and j ^ A ; and the angle 
between q and )■ = B ; the area of the quadrilateral 

= 4 |> . 9 . sin. A + ? . r . sin. B ± p . r . sin. (leO" — A — B)]. 
When ihe four sides aad (je svm of any (ico opposite angles are gpicn, proceed 
ihns : Take half the sum of the four given sides, and from it subtract each side 
in turn Multiply together the four remainders, and reserve the product. Mul- 
tiply together the foar sides. Take half Iheir product, and mulliply it by the 
Coame of lnu given sum of tho angles increased by unity. Regard the sign of 
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(69) Surfaces bounded by irregularly curved lines. The rules 
for these will be more appropriately given in comieetioii with the 
surveys which measure the necessary lines ; as explained in Part 
ir, Chap. III. 

(79) SECOND METHOD.— GEOMETRICALLY. From mea- 
surements of the necessary liTies upon the plat. 

(71) Dirisicn Into Triangles. '-Che plat of a piece of ground 

having been drawn from the measurements made by any of the 

methods which will he hereafter explained, lines may be drawn 

upon the plat so as to divide it into a number of triangles. Four 

Fig. 31. Fig. 32. Fig. 33, Fig. 34. 




ways of doing this are shown in the figures : viz. by drawing lines 
from one comer to the other comers ; from a point in one of the 
sides to the corners ; from a point inside of the figure to the cor- 
ners ; and from various comers to other comers. The last method 
is usually the best. The lines ought to be drawn so as to make 
the triangles as nearly equilateral as possible, for the reasons given 
in Part V. 

One side of ea«h of these triangles, and the length of the pei> 
pendicular let fall upon it, being then measured, as directed in 
Art. (43,) the content of these triangles can be at once obtained 
by multiplying their base by their altitude, and dividing by two. 

The easiest method of getijng the length of the perpendicular, 
without actually drawmg it, is, to set one point of the dividers 
at the angle from which a perpendicular is to be let fall, and to 

the cosine. MiHtipI^ this product!^ tQe reserved product, and take the Eqnai-e 
root of the reeultin^product. It will be the area, of the qnadri lateral. 

When the four sides, and the angle of interiectioa of (ie diagonals of the quadrila. 
teral are giwn; square each side; add together the squares of the opposite 
sides i take the differenca of the two sums ; muMply it by the tangent of the 
aogle of intersection, aud divide by four. The quotient will be the urea. 

When ike diagoiuih of the giiadrilaleral, and their included angle are given, lanX- 
liply together ths two diagonals and (he sine of their included angle, aud 
ilwide by two. The quotient will be the aiea. 
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open and shut their legs till an arc described hy the other point 
will just touch the opposite aide. 

Otherwise ; a platting scale, (deacrihed in Art. (49) may he 
placed so that tiie zero point of its edge coincides with the angle, 
and one of its cross lines coincides with the side to which a perpen- 
dicular ia to be drawn. The length of the perpendicular can then 
at once be read off. 

The method of dividing the plat into triangles is the one most 
commonly employed by surveyors for obtaining the content of a 
survey, because of ttie simplicity of the calculations required. Its 
correctness, however, is dependant on the accuracy of the plat, 
and on its scale, which should be as large as possible. Three 
chains to an inch is the smallest scale allowed by the English 
Tithe Commissioners for plats from which the content is to be 
determined. 

In calculating in this way tJie content of a farm, and also of its 
separate fields, the sum of the latter ought to equal the former. 
A difference of one three-hundrodth (3^5) is considered allowable. 

Some surveyors measure the perpendiculars of the triangles by 
a scale half of that to which the plat is made. Thus, if the scale 
of the plat be 2 chains to the inch, the perpendiculars arc mea^ 
Bured with a scale of one chain to the inch. The product of the 
base by the pei-pcndieular thus measured, gives the area of the 
triangle at once, without its requiring to he divided by two. 

Another way of attaining the same end, with less danger of mis- 
takes, ia, to construct a -new scale of equal parts, longer than those 
by which the plat was made in the ratio V2:l; or 1,414:1. 
When the base and perpendicular of a triangle are measured by 
this new scale and then multiplied together, the product will be 
the content of the triangle, mthout any division hj two. In this 
method there is the additional advantage of the greater size . and 
consequent greater distinctness of the scale. 

When the measurement of a plat is made some time after it has 
been drawn, the paper will very probably have contracted or 
expanded so that the scale used will not exactly apply. In that 
ease a correction is necessary. Measure very precisely the present 
length of some line on the plat of known length originally. Then 
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make tliis proportion : As the square of the present length of this 
line Is to the square of its origmal length, So is the content obtain- 
ed by the present meaaurement To the true content. 

(72) Graphical MultiplioaUon. Prepare a strip of drawing 
paper, of a width exactly equal to two chains on the scale of the 
plat ; i, e. one inch wide, as in the figure, for a scale of two chains 
to 1 inch ; two-thirds of an inch wide for a scale of 3 chains ; half 
an inch for 4 chains ; and so on. Draw perpendicular lines across 
the paper at distances representing one-tenth of a chain on the scale 
of the triangle to be measured, thus mating a platting scale. Apply 
it to the triangle so that one edge of the scale shall pass through 
one comer. A, of the triangle, and the other edge through a 
Fig. 35. 




comer, B ; and note very precisely what divisions of the sc^e are 
at these points. Then slide the scale in such a way that the 
points of the scale which had coincided with A and B, shall always 
remain on the line BA produced, till the edge arrives at the point 
C. Then will A'C, that is, the distance, or number of divisions on 
the scale, from the point to which the division A on the scale has 
anived, to the third comer of the triangle, express the area of the 
triangle ABC in square chains.* 

*For, flora C draw a parallol Id AB, meeting the edge of the scale in C* and 
draw C'B. Then the given triangle ABC = ABC. Bnl the area of this laat 
triangIe = AO' multiplied by half the width ofthe scale, i.B. = AC' X 1 = AC 
Bnt, becaBse of the pHrsUels, A'C = AC Thei-efore the area of the given trian- 
gle ABC = A'C ; i, e. il is eqnal in sqnare chains to the number of linear chains 
read off fiom lie scale. This ingenious operation is due to M. Cmninery. 
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(13) Division Into Trapezoids. A line may be drawn across 
the field, as in Fig. 36, and perpen- 
i^culars drawn to it. The field will 
thus be divided into trapezoids, (ex- 
cepfcig a triangle at each end), 
and their content can be calculated 
by Art. (87). 

Otherwise ; a line may be drawn 
outeide of the figure, and per- 
pendiculars to it be drawn from 
each angle. In that case the 
difference between the trapezoids 
formed by lines drawn to the 
outer angles of the figure, and 
those drawn to the inner angles, 
will be the content. 

This method is very advantageously applied to surveys by the 
as -will be explained in Part III, Chap. VI. 




(74) Division into Squares, 

right angles to each other, 
one chain apart Cto the scale 
of tiie plat) may be drawn 
over the plat, so as to divide 
it into squares, as in the 
figure. The number of 
9 which faU within the 
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10 many square 
chains ; and the triangles and 
trapezoids which fall outside 
of these, may then be calcu- 
lated and added to the entire square ch^ns which have been 
counted. 

Instead of drawing the parallel lines on the plat, they may bet- 
ter be drawn on a piece of transparent " tracing paper," which is 
amply laid upon the plat, and the squares counted as before. The 
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same paper will answer for any number of plats drawn to the same 
scale. This method is a valuable and easy cheek on the resuits of 
other calculations. 

To calculate the fractional parts, prepare a piece of tracing 
paper, or horn, hy drawing on it one square of the same size as a 
Bqnare of tbe plat, and subdividing it, by two sets of ten parallels at 
right angles to each other, into hundredths. This will measure the 
fractions remaining from the former measurement, as nearly aa can 
be desired. 

(75) BiTision into Parallelograms. Draw a series of paral- 
lel lines across the plat at equal distances depending on the scale- 
Thus, for a plat made to a scale of 2 chains to 1 inch, the distance 
between the parallels should be 2^ inches ; for a scale of 3 chains 
to 1 inch, 1^ inch ; for a scale of 4 chains to 1 inch, .| inch ; for 
a scale of 5 chains to 1 inch, ^ts u^cb ; and for any scale, mate the 
distance between the parallels that fraction of an inch which would 
be expressed by 10 divided by the square of tbe number of chains 
to the inch. Then apply a common inch scale, divided on the 
edge into tenths, to these parallels ; and every inch in length of 
the spaces included between each pair of them will be an acre, and 
every tenth of an inch will be a square cham.' 

To measure the triangles at the ends of the strips between the 
pELrallels, prepare a piece of transparent bom, or stout tracing 
paper, of a width equal to the width between tbe parallels, and 
draw a line through its middle longitudinally. Apply it to the 
oblique line at the end of the space between 
two parallels, and it will bisect the Une, and 
thus reduce the triangle to an eqmvalent 
rectangle, as at A in the figure. "When an 
angle occurs between two parallels, as at E 
in tlie figure, tbe fractional part may be 
measiired by any of tbe preceding methods. 
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e of 5 chaina 




A somewhat similar metliod is much used hy 3 
particularly in Ireland : the plat bemg made on a s< 
to 1 inch, parallel lines being drawn on it, half an inch apart, and 
Hie distances along the parallels heing measured by a scale, each 
large division of which is j^ inch in length. Each division of this 
scale indicates an a«rc ; for it represents 4 chains, and the distance 
between the parallels is 2^ chains. This scale is called the " Scale 
of Acres," 

(76) Addition of Widths. "When tlie lines of the plat are very 
irregularly curved, as in the Fig. ia. 

figure, draw across it a num- i 
her of equi-distant lines as near 
together as the case may seem 
to reqiure. Take a straight- 
edged piece of paper, and apply one edge of it to the middle of 
the first apace, and mark its length from one end ; apply the same 
edge to the middle of the next space, brining the mark just made 
to one end, and making another mark at the end of the additional 
length ; so go on, adding the length of each space to the previous 
ones. When all have been thus measured, the total length, mul- 
titdied by the uniform width, will ^ve the content. 

(77) THIRD METHOD.— HVSTRtMENTALLV. Bi/perform- 
ing certain instrumental operations on 1^ plat. 

(78) Redaction of a many sided figure to a single e^ivaleni 
triangle. Any plane figure bounded by straight lines may be 
reduced to a an^e triangle, which shall have the same content. 
This can be done by any instrument for drawing parallel lines, 
such as those described in Art. Fig. 41. 

(S9). Let the trapezium, or 
four sided figure, shown in Fig. 
41, be required to be reduced 
to a single equivalent triangle. 
Produce one side of the figure, 

3S 4 1, Draw a line from 

the first to the third angle of 
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the figure. From the second angle dxaw a parallel to the line just 
drawn, cutting the produced side in a pouit 1'. From the point 1' 
draw a line to the third angle. A triangle (1' — 3 — 4 in the 
figure) wiU thus he formed, which will he eijnivaient to the original 
trapezium.* 

The content of this final triangle can then he found hy measur- 
ing its perpendicular, and takhig half the product of this perpendi- 
cular by the base, as in the first paragraph of Art. (65). 

(79) Let the given figure have five sides, aa in Fig, 42. For 
brevity, the angles 
of the figure ■will be 
named as numbered 
in the engraving. 
Produce 5 — 1. 
Join 1 — 3. From 
2 draw a parallel to 
1 — 3, cutting the 
produced hase in 1'. Jom 1' — 4, From 3 draw a parallel to it, 
cutting the base in 2'. Join 2' — 4. Then will the triangle 
2' — 4 — 5 he equivalent to the five sided figure 1 — 2 — 3 — 4 — 5, 
for similar reasons to those of the preceding case. 

(80) Let the given figure be 1—2—3—4—5—6 — 7—8, 
as shown in Fig. 43, given at the top of the following page. All 
the operations are shown by dotted lines, and the finally resulting 
triangle 5' — 7 — 8, is equivalent to the original figure of eight 

It is best, in choosing the side to be produced, to tate one which 
has a long side adjoining it on the end not produced ; so that this 
long side may form one side of the final triangle, the base of which 
will therefore he shorter, and will not be cut so acutoly by the 
final line drawn, as to make the point of intersection too iadefinite. 



" For, ihe triangle I — 2—3 taken nway ftom ibe original 
to Ihe trian"lB 1' — 1 — 3 added to it ; because both lliese tria 
basB andBJio the came altitude, eince the -vertices of botli li 
parallel to the base. 
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Fig. 43. 




(81) General Hule. When ttie ^ven figure lias many sides, 
with angles sometimes salient and sometimes re-entering, ilie opera- 
tions of reduction are very liable to errors, if the draftsman attempts 
to reason out each step. AJl difficultieB, however, will be removed 
by the following General Rule : 

1. Produce one side of the figure, and call it a base. Call one 
of the angles at the base the first angle, and number the rest in 
regular succession around the figure. 

2. Draw a line from the Ist angle to the 3d angle. Draw a 
parallel to it from the 2d angle. Call the intersections of this 
pMallel with the base the 1st mark. 

3. Draw a line from the let mark to the 4th angle. Draw a 
parallel to it from the 3d angie. Its interseo&n with the base is 
the 2d mark. 

4. Draw a line from the 2d mark to the 5th angle. Draw a 
parallel to it from the 4th angle. Its intersection with the base is 
the 3d mark. 

5. In general terms, which apply to every step after the first, 
draw a line from the last mark obtained to the angle whose number 
ia greater by three than the number of the mark. Draw a paraUel 
to it through the angle whose number is greater by two than that 
of iiie mark. Its intersection with the base will be a mark whose 
anmber is greater by one than that of the preceding mark.* 

' In rtie concise language of Algebva, draw e line from the nth mark to tho 
»+3 angle. Draw a pai-allel to it tlirougli the n+S angle, and ihe intersection 
with the base will be tbe n+l mark. 
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6. Repeat this process for each angle, till jou get a marlc whose 
numher is such that the angle having a number greater by three is 
the last angle of the figure, i. e. the angle at the other end of the 
base. Then join the last mark to the angle which precedes the 
last angle in the figure, and the triangle thus formed ■will be the 
eqiuvalent triangle required. 

In practice it ia imnecesmry to actually draw the lines joining 
tl>e successive angles and marka, but the parallel ruler is merely 
laid on so as to pass through them, and the points where the 
parallels cut the base are alone marked. 



(82) It is generally more convenient, for the reasons ^ven at 
the end of Art, (80), to reduce Fig. a. 

half of the figure on one side and 
half on the other, as is shown in 
Fig, 44, which represents the same 
field as Fig. 42. The equivalent 
triangle is here V — 3 — 2'. 

When the figure has many angles, 
tiiey should not be numbered con- ; 
secutiyely aD the way around, but, after the numbera have gone 
around as far as the angle where it ia intended to have the vertex 





of the final triangle, the numbera should be continued from the 
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other angle of the base, as ia shown in Fig. 45. In it only the 
intersections are marked.* 

(83) It ia sometimes more convenient, not to produce one of 
the sides of the figure, hut to draw at one end of it, as at the point 
1 in Fig. 46, an indefinite line, usually a perpendicular to a Ime 



join in ff two distant angles of the figure, and mate this line the base 
of tiie equivident triangle desired. The operation is shown by the 
dotted lines in the figure. The same Cfeneral Rule applies to it, 
as to the previous figures. 

(84) Special Inslrumentsi A variety of instruments have 
been invented for the purpose of determining areas rapidly and 
correctly. One of the simplest ia the "Gomputing Scale," which 
is on the same principles as the Method of Art. (75). It is repre- 
sented in Fig. 47, ^ven on the following page. It consists of a 
scale divided for its whole length from the zero point into 
divisions, ea«h representing 2^ chains to the scale of the plat. 
The scale carries a slider, which moves along it, and has a 
wire dravm across its centre at right angles to the edges of the 
scale. On each side of this wire, a portion of the slider equal 
in length to one of the primary, or 2^ chain, divisions of the scale, 
is laid off and divided into 40 equal parts. 

This instrument is used in connection with a sheet of transpa- 
rent paper, ruled with parallel lines at distances apart each equal 
to one chain on the scale of the plat. It is plain, that when the 

" A figure with curved boundaries may be reduced to a triangle in a siniilar 
amnner. Straight lines must be drawn about the figure, so as to be partly in it 
and partly out, giving and taking about equal qunntilies, so that the figure which 
these lines form, shdl be about cquivaleni to the curved figure. This having 
been done, as will bo further developed in Alt. (124}, the equivalent straight 
lined figure ia reduced by the above method. 
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matrument is laid on this paper, nith. its edge-on one of the p- ^j_ 
parallel lines, and the slider is moved over one of the divi- 
sions of 2^ chauia, that one rood, or a quarter of an acre, 
has been measured between two of the parallel lines on the ^ 
paper (since 10 sqnare chains make one acre) ; and that 
one of the smaller divisions measures one perch between 
the same parallels. Tour of the larger divisions ^ve 
one acre. The scale is generally made long enough to 
measure at once five acres. 

To apply this to the plat of a field, or farm, lay the 
transparent paper over it in such a position that two of 
the ruled lines shall touch two of the exterior points of 
the boundaries, aa 
at A anil B. Lay 
tlie scale, with the 
slide set to zero, 
on the paper, in a 
direction parallel 
to the ruled lines, 
and Bo that the 
wire of the slide 
cuts the left hand 
oblique line so as 

to make tlie spaces c and d about equal. Hold the 
scale firm, and move the shder till the wire cnta the 
right hand oblique line in such a way as to equalize the 
spaces e and /. Without changing the slide, move 
the scale down the width of a space, and to the left 
hand end of the next space ; begin there again, and proceed aa 




So go on, till the whole length of the scale is run out, (five acriM 
havmg been measured), and then begin at the right hand side and 
work backwards to the left, reading the lower divisions, which run 
up to 10 acres. By continuing this process, the content of plata 
of any size can be obtained. 

A still simpler substitute for this is a scale similarly divided, but 
without an attached slide. In pla^e of it there is used a piece of 
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horn having a line drawn across it and rivetted to the end of a 
short scale of box-wood, divided like the former slide. It is used 
like the former, except that at starting, the zero of the short scale 
and not the line on the horn is made to coincide with the zero of 
the long scale. The shde is to be held fast to the instrurnent when 
this is moved. 

The FeiiofMter is another less ample instrument used for the 
same object. It measures any quadrilateral directly. 

(85) Some very comphcated instruments for the same object 
have been devised. One of them, Sang's Planometer, determines 
the area of any figure, by merely moving a point aromid the out- 
line of the surfaee. This causes motion in a train of wheel work, 
which registers the algebraic sum of the product of ordinates to 
every point m that perimeter, by the increment of their abscissas, 
and therefore measures the included space. 

Instruments of this kind have been invented in Germany by 
Ernst, Hansen, jmd Wetli. 

A purely mechanical means of determinmg the area of 
any surface by means of its weight, may be placed here. The plat 
is cut out of paper and weighed by a delicate balance. The 
weight of a rectangular piece of the same paper containing just one 
acre is also found; and the "Rule of Three" gives the content. 
A modification of this is to paste a tracing of the plat on thin sheet 
lead, cut out the lead to the proper lines and weigh it. 

(8J) FOURTH METnOD,— TRICOSOMETRICALLY. By cal- 
culating, from ike observed angles of the boundaries of the piece 
of ground,the lengths of the lines needed for ealoulating the eontent. 

This method is employed for surveys made with angular instru- 
ments, as the compass, &c., in order to obtain the content of the 
land surveyed, without the necessity of previously making a plat, 
thus avoiding both that trouble and the maccuracy of any calcula- 
tions founded Hpon it. It is therefore the most accurate method ; 
but will be more appropriately explained in Part III, Chapter VI, 
under the head of " Compass Surveying." 
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PART 11. 

CHAIN-SURVEYING ; 

By the First and Second Met/wds : 

OR 

DIAGONAL AND PERPENDICULAR SURVEYING. 
(88) The chain alone is abundantly sufficient, ■without the aid 
of any other instrument, for making an accurate survey of any 
surface, whatever ita shape or size, particularly in a district tolera- 
bly level and clear. Moreover, since a chain, or some substitute 
for it, formed of a i-ope, of leather driving reuis, &c., can be 
obtained by any one in the most secluded place, tliis method of 
Surveying deserves more attention than has usually been ^vcn to 
it in this country. It ivill, therefore, he fully developed in the 
following chapters. 



SURVEYING BV DIICOMLS : 

on 
By the Mrat Method. 
(89) Surveying hy Diagonals is an application of the Mr&t 
MetJiod of determmmg the poation of a pouit, ^ven in Art. (5,) to 
wHch the student should again refer. Each comer of the field or 
farm ivhich is to be surveyed Ig " detennined" by measuring ita 
distances from two other points. The field is then "platted" 
by repeatmg this process on paper, for each comer, in a contrary 
order, and the " content " is obtained by some of the methoda 
explained in Chapter IV of Vai-t I. 
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58 CHAIS SURVEYING. [part h. 

The lines yflach are measured in order to determine the comers 
of tlie field are usually diagonals of the irregular polygon which is 
to bo surveyed. They therefore divide up this polygon into trian- 
gles ; whence this mode of surveying is sometunea called " Chain 
Triangulation." 

A few examples will make the principle and practice perfectly 
clear. Each will be seen to reqi:ure the three operations of measur- 
ing, •platting, and caloulating. 

<9») A three-sided field; as Fig. 49. y\^.a9.^ 

Meld-^ork. Measure the three aides, 
AB, BO, and CA. Measure also, as a 
proof line, the distance from one of the cor- 
ners, as C, to some point in the opposite side, as D, at which a 
mark shovdd have been left, when measuring from A to B, at a 
known distance from A. A stick or twig, with a slit in its top, to 
receive a piece of paper viith the distance from A marked on it, 
ja the masi convenient mark. 

Platting. Choose a smtable scale as directed in Art. (44)- 
Then, by Arts. (42) and (49), draw a line equal m length, on the 
chceen scale, to one of the sides ; AB for example. Take in the 
compasses the length of another side as AC, to the same scale, 
and with one leg in A as a centre, describe an arc of a circle. 
Take the length of the third side BC, and with B as a centre, 
describe another arc, intorsecting the first arc in a point which will 
be the third comer C. Draw the lines AC and BC ; and ABC 
wiU be the plat, or miniature copy — as explained in Art. (35) — 
of the field surveyed. 

Instead of describing two arcs to get the pomt C, two pairs of 
compasses may be conveniently used. Open them to the lengths, 
respectively, of the last two sides. Put one foot of each at the 
ends of the first side, and bring their other feet together, and their 
point of meeting will mark the desired third pomt of the triangle. 

To "prove" the accuracy of the work, fix the point D, by setting 
off from A the proper distance, and measure the length of the line 
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DC, by Art. (43). If its length on the plat corresponds to its 
measurement on the ground, the work is correct." 

Calculation. The content of the field may now be found as 
directed m Art. (65), either from the three sides, or more easily 
though not so accurately, by measuring on the plat, by Art. (43), 
the length of the perpendicular CE, let fall from any angle to the 
opposite side, and taking half the product of tliese two Imes. 

Example 1. Kgure 49, is the plat, on a scale of two chains 
to one inch, of a field, of which the side AB is 200 Hnks, EG is 
100 links, and AC is 150 links.. Its content by the rule of Art. 
(65), ia 0.726 of a square chain, or OA. OR. 12P. If tlie perpen- 
dicular AD be accurately measured, it will be found to be 72^ 
hnks. Half the product of this perpendicular by the base will be 
found to give the same content. 

Ux. 2. The three aides of a triangular field are respectively 
89.39, 54.08, and 45.98. Required its content. 

Am. lOOA. OR. lOP. 

(91) A four-sided field ; tig. so. 

as Fig. 50. 

Fieldrwork. Measure the 
four sides. Measure also 
a diagonal, as AC, thus di- 
viding the four-sided field 
into two triangles. Mea- "^ 
sure also the other diagonal, or BD, for a " Proof line." 

Platting. Draw a line, as AC, equal in length to the diagonal, 
to any scale, by Arts. (42) and (^9). On each side of it, con- 
struct a triangle with the sides of the field, as directed in the pre- 
ceding articlo. 

To prove tlie accuracy of the work, measure on the plat the 
length of the " proof line," ED, by Art. (43), and if it agrees 
with the length of the same line measured on the ground, the field 
work and plattmg are both proved to be correct. 

' It ifl a udiveraal principle in all aurveying operations, thul the work niual he 
tested by some means independent of the original pracese, and that the samo re- 
sult must be armed at by two diiTei'eiit methods. The necessary length of this 
[imof line can also easily bo calculated by the principles of Trigonometry. 
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Calculation. Find the content of each triangle separately, as 
in tiie preceding case, and add them together ; or, more brieflj', 
multiply either diagonal (the longer one is preferable) by the sum 
of the two perpendiculars, and divide tlie product by two. 

Otherwise : reduce the four-sided figure to one triangle as in 
Art. (78) ; or, use any of the methods of the preceding chapter. 

JExampU 3. In the field drawn in Fig.SO, on a scale of 3 chains 
to the inch, AB = 588 links, BC = 210, CD ^ 430, DA = 274, 
the diagonal AC = 626, and the proof diagonal BD = 500. The 
total content will be lA. OR. 17P. 

Ux. 4. The sides of a four^ided field are AB = 12.41, BC 
= 5.86, CD = 8.25, DA = 4.24; the diagonal BD = 11.55, 
and the proof line AC = 11.04. Required the content. 

Ans. 4A. 2R. 88P. 

JSc. 5. The sides of a four-sided field are as follows : AB ^ 
8.95, BC -= 5.88, CD = 10.10, DA = 6.54 ; the diagonal from 
A t« C is 11.52 ; the proof diagonal from B to D is 10.92. Re- 
quired the content. Ans. 

JEx. 6. In a four-sided field, AB = 7.68, BO = 4.09, CD = 
10.64, DA = 7.24. AC =10.32, BD = 10.74. Required the 
content. Ans. 



(93) A many-sided field, as Fig. 51. 

Fig. 51. 
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Meld-Wbrk. Measure all the sides of die field. Measure 
also diagonals enough to divide the field into triangles ; of which 
there will always be two less than the number of sides. Choose 
such diagonals as will divide tjie field into triangles as nearly equi- 
lateral as possible. Measure also one or more diagonals for 
" Proof lines." It is well for the surveyor himself to place stakes 
in advance at all the comers of the field, as he can then select the 
beat mode of division. 

Platting. Be^ with any diagonal and plat one tri^angle, as in 
Art. (90). Plat a second triangle adjoining the first one, as in 
Art. (91). Plat another adjacent triangle, and so proceed, till aU 
have been laid down in their proper places. Measure the proof 
lines as in the last article. 

Calculation. Proceed to calculate the content of the figure, 
precbely as directed for the four-sided field, measuinng the perpen- 
diculars and calculating the content of each triangle m turn ; or 
taking in pairs those on opposite sides of the same diagonal ; or 
using some of Hie other methods which have been explained. 

Example 7. The six-sided field, shown in Fig. 51, has the 
lengths of its lines, in chains and links, written upon them, and is 
divided into four triangles, by three diagonals. The diagonal 
BE is a " proof-line." The Figure is drawn to a scale of 4 chains 
to the inch. The content of the field is 5A. 3R. 22P. 

Ex. 8. In a five-sided field, the length of the sides are as fol- 
lows : AB = 2.69, BC =1.22, CD -= 2.32, BE = 3.55, EA = 
3.23. The diagonals are AB = 4.81, BD = 3.33. Required its 
content. Am. 

(93) A field may be divided up into ti-iangles, not only by mea- 
suring diagonals aa in the last figure, but by any of the methods 
shown in the four figures of Art, (71). The one which we have 
been employing, corresponds to the last of those figures. 

Still another mode may be used when the angles cannot be seen 
from one another, or from any one point within. Take three or 
more convenient points within the field, and measure from them to 
the comers, and thus form different sets of triangles. 
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KEEPING THE FIELD NOTES. 
(94) By Sketch, The most simple metiiod is to make a sketch 
of the field, as nea]:ly correct as the unassisted hand and eye can 
produce, and note down on it the lengths of all the lines, as in Fig. 
51. But when many other points require to be noted, such as 
where fences, or roada, or streams are crossed in the measurement, 
or any other additional particulars, the sketch would become con- 
fused, and be likely to lead to mistakes in the subsequent platting 
from it. The following is therefore the U8\ial method of keeping 
the Field-EOtes. A long narrow book is most convenient for it. 



(95) In Colnmnsi Draw two parallel lines about an inch apart 
fi'om the bottom to the top of the page of the 
field-book, as in the margin. This column, or pair 
of lines, may be conceived to represent the measured 
line, split in two, its two halves being then separated, 
an inch apart, merely for convenience, so that the 
distances measured along the line, may be written be- 
tween these halves. 

Hold the book in the direction of the measurement. At the 
bottom of the page write down the name, or number, or letter, 
which represents the station at which the survey is to begin. 

A "station" it marked with a trianf{Ie or circle, as ' 

in the margin. The latter is more easily made. i ^„^ 

In the complicated cases, which will be hereafter explained, and 
in which one long haae Ime is measured, and also many other sub- 
ordinate lines, it will be well, as a help to the memory, to mark 
the stations on the Base line ivith a triangle, and the stations on 
the other Imes with the ordinary circle. 

The station from which the measure- o toB 

ments are made is usually put on the left f^fjo 

of the column ; and the station which is 
measured to, i"* put on the right. 



Hosted by 



Google 



CHAP. I.] 



Surreyln? by Diagonals. 



But it is more compact, and avoicis interfering 
iritJi the notes of "offsets" (to be explained here- 
after) to ^Tite the name or number of the station 
in the column, as in the margin. 

The measureinents to different points of a line are 
written above one another. The numbers all refer 
to the beginning of the line, and are counted from it. 

The end of a measured line is marked bj a hne 
drawn across the page above the nimibers which ~ 
indicate the measurements which have been made. 

If the chaining does not continue idong the 
adjoining hne, but the chain-men go to some __ 
other part of the field to begin another mea^ 
sorement, two lines are drawn across the page. 

When a line has been measured, the marks — 
r or T are made to show whether the foEow- J 
lowing line turns to the right or to the left. — 



I 



A Ime is named, either bj the names of the stations between 
which it is measured, as the line AE ; or by its length, a hue 
562 hnks long, being called the hne 562 ; or it is recorded as Line 
No. 1, Line No. 2. &c; or as Line on page 1, 2, &e., of the 
Field-book. 

When a mark is left at anj point of a line, 
£» at D, in Kg. 49, with the intention of com- 
ing back to it again, in order to measure to 
some other point, the place marked is called a 
Fahe Station, and is marked in the Field-book 
F. S. ; or has a line drawn around it, to distin- 
guish it ; or has a station mark a placed outside 
of the column, to the right or left, according to 
the direction in which the measurement from it is 
to be made. Examples of these three modes are 
^ven in the margin. 





662 

200 




f.S. 




562 

(200) 








562 

200 




A 
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A False Station is named by its position on the line where it 
belongs ; as thus—" 200 on 662." 

"When a gate occurs in a, measured line, the distance from the 
be^ning of the line to the side of the gate first reaehed, is the 
one noted. 

When the measured line crosses a fence, brook, 
road, &c., they are drawn on the field-notes in 
their true direction, as nearly aa possible, hut 
not in a continuous line across the column, as in 
the first figure in the margin, but as in the se- 
cond figure, 80 that the two parts would form a 
continuous straight Ime, if the halves of the 
" spht line" were brought together. 



It is convenient to name the li 
als, Proof lines, &c. 



i, in the mar^, as being Sidi 




(96) The Field-notes of the triangular field platted in Fig. 49, 
are ^ven below, according to both the methods mentioned in Iho 
preceding Article, pages 62 and 63. 

In the Field-notes in the column on the right hand, it is not abso- 
lutely necessary to repeat the B and C. 









J 


89 


to 


^ 






o JVom D 


F. S. 




i 


150 


to A 


From C 


© 


-| 


i 


100 


to C 


"'From B 


© 


1 


bi 


200 


ioB 


« 


80 


b'.S 


From A. 








i 


c 

89 
(ID 


o>i200 


1 1 


A 
150 
C 




ii 


C 

100 
B 




1 


B 

200 

Oo) 

A 





Hosted by 



Google 



Sarrejtng by Diagonals. 



(97) The Field-notes of the survey platted in Fig. 51, are g 
below. They begin at the bottom of the left hand column. 



i 


F 
532 
300 

E 


Sate. 

r 


i ^ 


E 
662 
400 

D 


Brook. 


i — 


D 

300 
270 
210 

80 



Boad. 

r 





703 
150 

B 


Gate. 

r 




B 

662 

A 





z 


E 

770 
B 




< 

i -I 


A 

1142 

C 




< 

5 / 


C 

775 
480 

420 
E 


/ 
Mood. 


i - 

a 


E 

737 
280 

210 
A 


Road. 
\ 


1 H 


A 
270 
130 

80 

F 


'R^i. 

r 
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CHAPTER II. 

SCRVEfUVG BI TIE-LINES. 

(98) Surveying iy TU-Unes is a modification of the method 
explained in the last chapter. It frequently happens that it is im- 
possihle to measure the diagonals of a field of many sidea, in conse- 
quence of ohstacles to measurements, such as woods, water, houses, 
&c. In such cases, "Tte-Hnes," (so called because they tie the 
aides together), are employed as suhetitutes for diagonals. 

Thus, in the four-sided field shown in the JFigure, the diagonals 
cannot he measured because of woods inter- rig. j.j. 

vening. As a substitute, measure off from 
any convenient comer of the field, a 
distances, BE, BF, along the sides of tlie 
field. Measure also the "tie-line" EP. 
Measure all the sides of the field as usual. 

To plat this field, construct the triangle BEF, as in Art. (90). 
Produce the aides BE, and BE, till they become respectively equal 
to BA aud BC, as measured on the ground. Then with A and C 
as centres, and with radii respectively equal to AD and CD, 
describe arcs, whose intersection will be D, the remaining comer 
of the field. 

(99) It thus appears that one tie-line is sufficient to determine a 
four-sided field; two, a five-sided field, and so on. But, aa a 
check on errors, it is better to measure a tie-line for each angle, 
and the agreement, in the plat, of all the measurements will prove 
the accuracy of the whole work. 

Since any inaccuracy in the length of a tie-line is increased in 
proportion to the greater length of the sides which it fixes, the tie- 
Imes should be measured as far from the pomt of meeting of these 
sides as possible, that is, they should be as long as possible. 

The radical defect of the system is that it is " working from less 
to greater," (which is the exact converse of the true principle), 
thus magnifying inaccuracies at every step. 
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A tie-line may also be employed as a " proof line," in the place 
of a diagonal, and tested in the same manner. 

Vig. &3. 

If any angle of the field is re-entering, as at f^^^^^'u 
B in the figure, measure a tie-line across the ^^^^-^Q^^/ 
salient angle ABC. \^^^$:^Hi/ 

^ C 

(100) Chain Angles. It is convenient, though not necessary, 
to measure equal distances along the aides ; BE, EF, ui Kg. 52, 
and BA, BC, in Pig. 53. *' Chain Angles" are thus formed.* 




(101) Inaccessible Areas. The method of tie-Hnes can ] 
applied to measuring fields which cannot be entered. 

Thus, m the Figure, ABCD is an inac- 
cessible wooded field, of four sides. To 
survey it, measure all the sides, and at 
any corner, as D, measure any distance 
DE, in the line of AD produced. Mea- 
sure also another distance DF in the fine 
of CD produced. Measure the tie-line EF, and the figure can be 
platted as in the ease of the field of Fig. 52, the sides of the trian- 
gle being produced in the contrary direction. 

The same end would be attained by prolonging only one side, as 
shown at the angle A of the same figure, and measuring AG, AH, 
and GH. It is better in both cases to tie all the angles in a 
similar manner. 

This method may he applied to a figure of any number of sides 
by prolonging as many of them as are necessary ; all of fchem, if 



* Chain angles may be reduced to a 
that the tie-line is the chord of the anal 
taiicea measured □□ Ihe sides. Tberetai 
length of ihia distance. The qaotient 
of me. In the Table of ChOhds, at tl 
and the nnmber of degrees and minut . 

Juiced. Otherwise; since the chord of any angle equals 
le angle, we have this rule : Divide half the tie-line by the raeaaured diatantc , 
find in a table of natural Binea the angle coi'i-eBp ending In the quotient, and mul- 
tiply this angle by two, to get the angle desired. 



. by obserring 

I a radias equal to one of the equal dia- 
divide the length of the tie-line by the 

II be the chora of tho anele to a radius 
end of this volume, End this quotient, 

" igie re- 

orhftlf 
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(102) If the sides CD and AD were prolonged bj their full 
length, tlie content of the figure could be calculated without any 
plat ; for the new triangle DEF would equal the triangle DAC ; 
and tlie sides of the triangle ACB would then be known. 

This principle may be extended still farther, j, t 
For a fiv&T3ide<i field, as in Fig. 55, produce ■;>, 

two pairs of sides, a distance equal to their 
length, fonning two new triangles, as shown by 
the dotted lines, and measure tiie sides B'D', 
and A'D". The three sides of eaeb of these 
triangles will thus be known, and also the three 
aides of the triangle BAD, since AD = A'D", 
and BD = B'D'. 



The method of this article may be employed 
for a figure of six Kdes as shown in Fig. 56, 
(in which the dotted lines within the wooded 
field have their lengths determined by the tri- 
angles formed outside of it,) but not for figures 
of a greater number of sides. 




CHAPTER in. 
SPRVEVIHG BY PERPEIVDICVLARS : 



Bi/ the Second Met/tod. 
TfJE method of Surve^ng by Perpendiculars is founded 
on the Second Method of determining the position of a point, 
explained in Art, (6). It is applied in two ways, either to 
making a complete Survey by ^^ Diagonals and Perpendiculars" 
or to measuring a crooked boundary by " Off-sets." Each will be 
considered in turn. 
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The best methods of getting perpendiculars on the ground must, 
however, be first explained. 

TO SET OUT PERPENDICULARS. 

(104) Surveyor's Cross. The simplest instrument ^''s- s?"- 
for this purpose is the Surveyo'r's Cross, or Cross-Staff, \ 
shown in the figure. It consists of a block of wood, of y | y 
any shape, having in ifc two saw-outs, made very precise- 
ly at right angles to each other, about half an inch deep, 
and with centre-bit holes made at the bottom of the cuts 
to assist in finding the objects. This block is fixed on a 
pointed staff, on which it can turn freely, and which 
should be precisely 8 links (63^ inches) long, for the 
convenience of short measurements. 

To use the Cross-stafF to erect a perpendicular, set it 
at the point of the line at which a perpendicular is want- 
ed. Turn its head till, on looking through one saw-cut, 
you see the ends of the line. Then wiU the other saw- 
cut point out the direction of the perpendicular, and thus 
guide the measurement desired. 

To find where a perpendicular to the line, from some object, as 
a comer of a field, a tree, &c., would meet the line, set up the 
cross-staff at a point of the line which seems to the eye to be about 
the spot. Note about how far from the object the perpendicular 
at this point strikes, and move the cross-staff that distance ; and 
repeat the operation till the correct spot is found. 

(105) To test the accuracy of the in- Fig. s 
strument, sight through one slit to some 
point A, and place a stake B m the Ime 

of sight of the other slit. Then turn its a -- fTj £ 

head a quarter of the way around, so ^ 

that the second slit looked through, points to A. Then see if the 
other sUt covers B again, as it will if correct. If it does not do 
so, bat sights to some other point, as B', the apparent error is 
double the real one, for it now points as far to the right of the true 
point, C as it did before to its left. 
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This teat is the first example we have had of the invaluable prin- 
ciple of Reversion, which is used in almost every test of the accu- 
racy of Surveying and Astronomical instruments, its pecuhar merit 
being that it doubles the real error, and thus makes it twice as easy 
to perceive and correct it. 

(106) The instrument, in its most finished form, is taade of a 
hollow brass cyhnder, which haa two pairs of slits exactly opposite 
to each other, one of each pair being narrow and the other wide, 
with a horse-hair stretched from the top to the bottom of the latter. 
It is also, sometimes, made with eight faces, and two more pairs 
of slits added, so as to set off half a ri^t a ^,1 j. 



Another form is a hollow brass sph c 
figure. This enables the surveyor to set off \ erj e 
pendiculars on very steep slopes. 



Another form of the surveyor's cross consists of two pairs 
of plain " Sights," each shaped as in the figure, placed at 
.the ends of two bars at right angles to each other. The 
sht, and the opening with a hair stretehed from its top to 
its bottom, are respeotiveiy at the top of one sight and at 
the bottom of the opposite sight.* This is used in the same 
manner as the preceding form, but is less portable and more liable 
to get out of order. 

A temporary substitute for these mstruments may he 
made by sticking four pins into the comers of a square 
piece of board ; and sighting across them, in the direc- 
tion of the line and at right angles to it. 




(107) Optical Square. The most convenient and accurate in- 
strument is, however, the Optical Square. The figures ^ve a per- 
spective view of it, and also a plan with the lid removed. It is a 
small circular box, containing a strip of lookmg-glass, from the 
upper half of which the silverina is removed. This glass is placed 
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so as to make precisely half a right 
angle m& the line of sight, which 
passes through a slit on one side 
of the box, and a TertJcal hair 
stretched across the opening on the 
other side, or a mark on the glass. 
The box is held in the band over 
the spot where the perpendicular is 
desired, (a plumb line in the hand 
will ^vo perfect accuracy) and 
the observer applies his eyo to the 
slit A, looking through the upper 
or unsilvercd part of the glass, and 
turns the box till he sees the other 
end of the line B, through the open- 
ing C. The assistant, with a rod, 
moves along in the direction where ihe perpendicular is desired, 
being seen in the silvered parts of the glass, by reflection through 
the opening D, till his rod, at E, is seen to coincide with, or to he ' 
exactly under, the object B. Then is the line DE at right angles 
to the hue AB, by the optical principle of the equality of the an- 
gles of incidence and reflection. 

To find where a perpendicular from a distant object would strike 
the line, walk along the Ime, with the instrument to the eye, till 
the image of the object is seen, in the silvered part of the glass, to 
comcide with the direction of the line seen through the unsilvered 
part. 

The instrument may be tested by sighting along the perpendicu- 
lar, and fixing a point in the ori^nal line ; on the principle of 
" Reversion." 

The surveyor can make it for himself, fastening the glass in the 
box by four angular pieces of cork, and adjustmg it hj cutting 
away the cork on one side, and introducing wedges on the other 
side. The box should be blackened mside. 
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(108) Chain Perpendiculai^. Perpendiculars may be set out 

mih the chain alone, by a variety of methods. These methods 
generally consist in perfonning on tho ground, the operations exe- 
cuted on paper in practical geometry, the chain, being usee!, in tho 
place of the compasses, to describe the necessary arcs. 

As these operations, however, are less often used for the method 
of surveying now to he explained, than for overcoming obstacles to 
measurement, it will be more convenient to consider them in that 
connection, in Chapter V. 

DIAGONALS AND PERPENDICULARS. 
(169) In Chapter I, of this Part, we have seen that plats of sur- 
veys made with the chain alone, have their contents most easily 
determined by measuring, on the plat, the perpendiculars of each 
of the triangles, into which the diagonals measured on the ground 
have divided the field. In the Method of Surveying h-. 
and Perpendieidars, now to be explained, the ] 
measured on the ground. The content of the field can, therefore, 
he found at once, (by adding together the half products of each 
perpendicular by the diagonal on which it is let fall,) without the 
necessity of previously making a plat, or of measuring the sides of 
the field. This is, therefore, the most rapid and easy method of 
surveying when the content alone is required, and is particularly 
apphcable to the measurement of the ground occupied by crops, 
for the purpose of detenmning the number of bushels grown to the 
acre, the amount to be paid for mowing by the acre, &c, 

(lift) A three-sWed field. Measure the Fig fi^, 

longest side, as AB, and the perpendicular, 
CD, let fall on it from the opposite angle C. 
Then the content is equal to half the product 
of the side by the perpendicular. If obsta^ ■ 
cles prevent this, find the point, where a perpendicular let fall from 
an angle, as A, to the opposite side produced, as BC, would meet 
it, as at E in the figure. Then half the product of AE by CB is 
the content of the triangle. 
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Fig. 64. 




(Ill) A foor-slded field. 

Measure the diagonal AC. Leave 
marks at the points on this diago- 
nal afc which perpendiculars from B j, 
and from D would meet it ; find- 
ing these points by trial, aa previ- 
ously directed in Arts. (104) and 
(107). The best marks at these ^ 

"FaJse Stations," have heen described in Art. (90). Return to 
these false stations and measure the perpendiculars. When these 
perpendiculars are measured before finishing the measurement of 
the diagonal, great care is necessary to avoid mating miatakes in 
the length of the diagonal, when the ehainmen return to continue 
its measurement. One check is to leave at the mark as many pins 
as have been taken up by the hind-chainman in coming to that 
point from the be^ning of the lino. 

Example 9. Required the content of the fieid of Fig. 64. 

Ans. OA. 2B. 29P. 

The field may be platted from these measurements, if desired, 
but with more liability to inaccmacy than in the first method, in 
which the Eudes are measured. The plat of the figure is 3 chains 
to 1 inch. 

The field-notes may be taken by uniting the measurements on a 
sketch, aa in the figure ; or in more complicated cases, by the 
column method, as below. A new symbol may be employed, this 
mark, [-, or ^, to show the False Station, from which a perpen- 
dicular is to be measured. 

Example 10. Calculation. 

ABC = ^ X 480 X 110 = 26400 
ADC = i X 480 X 1T5 = 42000 
sq. chains 6.8400 
Acres 0.684 
It is still easier to take the two 
triangles together ; multiplying 
the diagonal by the sum of the per- 
pendiculars and dividing by two. 
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(112) A many-sWed field. Fig. 65, and the accompanying 
field-notes represent the field which ivas survejed by tiie First 
Method and platted in Fig. 51. 




From 5.07 on 7.37 



From 4.95 on 11,42 



11.42 

5.45 
4.95 



Example 11. Oalculaiion. 
The content of tlie triangles may 
, be expressed thus : 

sq. Iks. 

ABC = ixll42x267=152457 

- ABC = ^xll42x493=281503 

CDE = ix 775x253^ 98037 

= AEF = iX 737x154=^ 56749 

sq. chains 58.8746 

Acres 5.88746 

or, 5A. SR. 22P. 

The first two triangles might 

have been taken together, as in 

the previous field. 

Content calculated from the 
perpendiculars ^viU generally var 
ry slightly from that obtained h^ 
measuring on the plat. 
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(113) A small field which has many sides, may sometimes be 
conveniently surveyed by taking one diagonal and measuring the 
perpendiculars let fall on it from each angle of the field, and thus 
dividing the whole area into triangles and trapezoids ; as in Fig. 36, 



The line on which the perpendiculars are to be let fall, may also 
be outside of the field, as in Fig, 37, page 48. 

Such a survey can be platted very readily, but the length of the 
perpendiculars renders it less accurate. 

This procedure supplies a transition to the method of " Ofeets," 
which is to be explained in the next article. 

OFFSETS. 

(114) Offsets are short perpendiculars, measured from a straight 
line, to the angles of a crooked or zigzag line, near which the si 
line runs. Thus, in the figure, ^ 

let AECD be a ciooked fence, ^ 

boandmg one side of afield. Chain 
along the straight lino AB, which runs from one end of the fence 
to the other, and, ^hen opposite each comer, note the distance 
from the beginning, or tlie point A, and also measure and note the 
perpendicular distance of each comer C and D from the line. 
These comeis will then be " determined" by the Second J 
Art. (6). 

The Reld-notes, corresponding to Fig, 
66, aie as in the margin. The measure- 
ments along the line are written in the 
column, as before, counting from the be- 
gmning of the line, and the o^ets are 
written beside it, on the right or left, oppo- 
site the distance at ^ihich they are taken. 
A sketch of the ci-ooked ime is also usually From A 6 ' 
made in the Field-notes, though not abso- 
lutely necessary in so simple a case as 
tins. The letters C and D would not be used in practice, but are 
here inserted to show the connection between the Field-notes and 
the plat. 
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In taking the Ficld-Notea, the widths of the o^cts should not 
be drawn proportionally to the clistancea between them, hut the 
breadths should be greatly exaggerated in proportion to the lengthg. 



(US) A more extended example, with a little different notation, 
is ^ven below. In the figure, which is on a scale of 8 chains to 
one inch for the distances along the line, the breadths of the ofisets 
i to four times their true proportional 6 

Fig. 67. 
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(116) The plat and jField-notes uf the position of two houses, 
determined by offsete, are ^ven below, on a scale of 2 ch^s to 1 
inch. 
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* 30 20 160 
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(117) Double offsets are sometimes eonvement ; and s 
triple and quadruple ones. Below are given the notes and the 
plat, 1 chain to 1 inch, of a road of varying width, both sides of 
which are determined by double offeets. It ivJU be seen that the 
line AB crosses one side of the road at 160 links from A, and the 
other side of it at 220. 
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Two methods of kecpiEg the Field-notes are ^ven. In the first 
form, the offeeta to each side of the road are given separately and 
connected by the sign +. In the second form, the total distance 
of the second offset is ^ven, and the two meaam^ments connected 
by the woi-d " to" Tliis is easier both for measuring and platting. 
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(118) These offsets may generally be taken with sufScient accurar 
cy by measuring them as nearly at right angles to the base line as the 
eye can eatimate. The surveyor should stand by the chain, facing 
the fence, at the place which lie thinks opposite to the comer to 
which he wishes to take an ofFset,-and measure " square" to it by 
the eye, which a little practice will enable him to do with much 
correctness. 
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The ofisets may be measured, if short, with an Offset-staff, a 
light adek, 10 or 15 hnks in length, and divided a^cori^gly ; or 
if they are long, with a tape. They are generally hut a few liiika 
in length. A chain's length should be the extreme limit, aa laid 
down by the English " Tithe Commissioners," and that should be 
employed only in exceptional cases. When the " Cross-staff" is 
in use, its divided length of 8 links, renders the o&et^taff need- 



When o^ets are to be taken, the method of chaining to the 
end of a line, described in Art. (23), page 21, is somewhat modi- 
fied. After tlie leader arrives at the end of the line, he should 
draw on the chain till the follower, with the back end of the chain, 
reaches the last pm set. This facilitates the counting of the links 
to the places at winch the offeets are taken. 

The ofisets are to he taken to every angle of the fence or other 
crooked line ; that ia, to every point where it changes its direc- 
tion. These angles or prominent hends can he beat found by one 
of the party walking along the crooked fence and directing another 
at the chain what points to measure opposite to. If the line which 
is to be thus determined is curved, the offsets should be taken to 
points so near each other, that the portions of the curved liue lying 
between them may, without much error, be regarded as straight. 
It will he most convemcnt, for the subsequent calculations, to take 
the ofisets at equal distances apart along the straight line from 
wHch they are measured. 

In the case of a crooked brook, such as is shown in the figure 
^ven below, offieta should he taken to the most prominent angles, 
such as are marked « a a in the figure, and the intermediate bends 
may be merely sketched by eye. 




When offsets from lines measured around a field are taken inside 
of these hoimding lines, they are sometimes distinguished as InsetB. 



Hosted by 



Google 



CHAP, m.] 



79 



(119) Plattingf. The most rapid jnetliod of platting the offsets, 
by the use of a Platting Scale (descrihed in Art. 49) and an 
(fsei Scale, which is a ahort BcaJe divided on itei edges hte a 
scale, but having its zero in the middle, as m the figure- 
Fig. 71 




The platting scale is placed parallel to the line, with its zero 
point opposite to the beginning of tho line. The offset scale ia 
shd along the platting scalt, till its edge comes to a distance on 
the latter at which an offset had been taken, the length of which ia 
marked off with a needle point from the offset scale. This is then 
slid on to tho next distance, and the operation is repeated. K 
one person reads off the field-notes, and another plats, the opera^ 
tion will be greatly facilitated. The points thus obtained are 
joined by straight lines, and a miniature copy of the curved line is 
thus obtained ; all the operatioi^ of the platting being merely re- 
petitions of the measurements made on the ground. 

If no offset acale is at hand, make one of a strip of thick drawing 
paper, or pasteboard ; or use the platting scale itself, turned croas- 
ways, having previously marked off' from it the points from which 
the oifeets had been taken. 

In plata made on a small scale, tho shorter offeets are best eati- 
mated by eye. 

On the Ordnance Survey of Ireland, the platting of offsets is 
facilitated by the use of a combination of the offeet scale and the 
platting scale, the former being made to slide in a groove in the 
latt«r, at right angles to it. 



(120) Calculatll^ CoDteilt> When the crooked line deter- 
mined by offsets ia the boundary of a field, the content, enclosed 
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between it and the straight hne surveyed, must be deterioined, 
that it may be added to, or subtracted from, the content of the 
field bounded by the straight Imca. There are various methods of 



The area enclosed between the straight and the crooked lines is 
divided up by the offsets into triangles and trapezoids, tiie content 
of which may be calculated separately by Arts. (65) and (67), 
and then added together. The content of the plat on page 75, 
■will, therefore, be 1500 + 4125 + 625 = 6250 square links = 
0.625 square chain. The content of the plat on page 76, will in 
like manner be found to be, on the left of the straight line 30,000 
square links, and on its right 5,000 square links. 

(121) When the offsets have ieen taken at equal distances, the 
content may be more easily obtained by adding together half of 
the first and of the last offset, and all the intermediate ones, and 
multiplying the sum by one of the equal distances between the off- 
sets. This rule is merely an abbreviation of the preceding one. 

Thus, in the plat of page 76, the distances being equal, the con- 
tent of the offsets on the left of the straight line will be 120 x 250 
= 30,000 square links, and on the right 20 X 250 = 5,000 
acjuare links ; the same results as before. 

Wben the line determined by the offsets is a curved line, " Simp- 
son's rule" gives the content more accurately. To employ it, an 
evmt number of er^ual distances must have been measured in the 
part to be calculated. Then add together the first and last ofiset, 
four times the sum of the even offsets, (i. e. the 2d, 4th, 6th, &c.,) 
and twice the sum of the odd oflsets, (i. e. the 3cl, 5th, 7th, &c.,) 
not including the first and the last. Multiply the sum hy one of 
the equal distances between the offsets, and divide by 3. The 
quotient will be the area. 

Example 12, The offsets from a straight line to a curved fence, 
were 8, 9, 1],, 15, 16, 14, 9, links, at equal distances of 5 links. 
"What was the content included between the curved fence and the 
straight line ? Ans. 371.606 
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(122) Many erroneous rules hare been given on this part of tJie 
subject. One rule directs the surveyor to divide tbe sum of all 
tlie offsets by one less than their number, and multiply the quotient 
by the whole length of the straight line ; or, what is the same thing, 
to multiply the sum of all the oflsets by the common distance be- 
tween them. This will be correct only when the offsets at each 
end of the line are nothing, i. e. when the curved line starte from 
the straight line and returns to it at the be^nning and end of one 
of the equal distances. In all other cases it will give too much. 
A second rule directs the surveyor to divide tho sum of all the off- 
seta by their number, and then to multiply the quotient by the 
whole straight line. This may give too much, or too little, accord- 
ing to circumstances. 

Suppose ofisets of 10, 30, 20, 80, 50, 30, Imks, to have been 
taken at equal distances of a chain. The correct content of the 
enclosed spa«e is 200 X 100 = 2 square chains. The first of the 
above rules would give 2.2 square chains, and tlie second would 
give 1.8333 chains. 

(123) Reducing to one triangle the many-sided figure which is 
formed by theoffsots, is tho method of calculation sometimes adopted. 
This has been fully explained in Part I, Art. (78), &c. The 
method of Art. (83) ia best adapted for this piu:pose. 

(124) Egualizing, or giving and taking, is an approximate 
mode of calculation much used by practical surveyors. A crooked 
lino, determined by ofisets, having been platted, a straight line is 
drawn on the plat, across the crooked line, leaving as much space 
outside of the straight line as inside of it, as nearly as can be esti- 
mated by the eye, "Equalizing" it, or " Giving and taking" equal 



port ons The stra ^ht hi e is beat det n ed by laymg aerosa 
the iregilwo time the stra ght el^e of i ji ec f tiansparent 
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stretched straight by a light hoiv of ivhalehone. In praetleal 
haads, tHa method is sufficiently accurate in most cases. The stu- 
dent will do well to try it on figures, the content of -which he haa 
previously ascertained by perfectly accurate methoda. 

Sometimes this method may be advantageously combined with 
the preceding; short lengths of the croooked boundary being 
" Equalized," and the fewer resultmg zigzags reduced to one line 
by the method of Art. (78), &c. 



CHAPTER IV. 



SCRVEYING BY THE PRECE1J1\G METHODS COMBmED. 

125) All the methods which have been explained in the three 
preceding chapters^— Surveymg by Diagonals, hy Tie-lines, and 
by Perperatiicwfei'S, particularly in the form of offsets — are fre- 
quently required in the same survey. The method by Diagonals 
should be the leading one ; in some parts of the survey, ohsfecles 
to the measurement of diagonals may require the use of Tie-lines ; 
and if the fences are crooked, straight lines are to be measured 
near tiiem, ajid their crooks determined hy Offsets. 

(126) Offsets are necessary additions to almost every other 
method of surveying. In the smallest field, surveyed by diagonals, 
unless all the fences are perfectly straight lines, their bends must 
be determined by offsets. The plat (scale of 1 chain to 1 inch), 
and field-notes, of such a case are given below. A sufficient num- 
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ber of tiio sides, diagonals, anil proof-lines, ki prove the work, should 
be platted before platting the offsets. 

FJE. 73. 
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13, Required the eoi 
tent of the above field. Ans. 



(127) Field-lJOOkS. The difficulty and tlie imporcance of keep- 
ing the Field-notes clearly and distinctly, increase vrith each new 
combination of methods. For this reason, three different methods 
of keeping tlie Keld-notea of the same survey will now be g?ven, 
(from Bourns' Surveying) , and a careful comparison by the stu- 
dent of the corresponding portions of each will be very profitable 
to him. 
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UM^Book No. 1 (Fig. 74) shews tho Sketcli metliod, explain- 
ed in Art. (94). 
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FIELD-BOOK So. i. 
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Mdd-Book No. 2 (Fig. 75) shewa the Column method, exclam- 
edin Art, (95). 
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Field BooTc No. S (Tig. 76) is a convenient combination of tlie 
two preceding methods. The bottom of the Book is at the side of 
this figure, at A. 
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(128) It wiU easily appear from the sketcli of Field-book No. 1, 
how much time and labor may be saved, or lost, by the mamier of 
doing the work. Thus, beginning at A, and measuring 750 links, 
a pole should be left there, and the line to the right measured to 
17 chains, or C, leaving a pole at 12,30 aa a now starting pomt by 
and by. Then from C measure 19 eh^a to A. again ; then mea- 
sure from A to B, and from B back to the pole left at 7.50 on the 



(129) The examplef which will now be gjven shows part of the 
Field-notes, the plat, (on a scale of 6 inches to 1 mile [1 : 10,560]), 
and'apartial calculation of the "Filling up" of a large triangle, 
the angular points of which are supposed to have been determined 
by the methods of Geodesic Surveying. They should be well 
studied.* 




* Capt. Fhome, in his " Trigonomefrical Survey," from wiiich this example 
has been condenaefl, remarks, " It may, perhaps, be thought that loo much stress 
is laid an forms ; but method ia a moat essenlial part of an undertaking of magni- 
tnde: and without excellent preliminary arrangements to ensure uniformity in 
all the most triaing details, the work never conld go on creditably." 
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In the above specimen of a field-book, (which resembles that on 
page 85), all offsets, except those havmg relation to tJ^e boundary 
lines, are purposely onutted, to prevent confusion, the example 
being given solely to illustrate the method of calculating these 
larger divisiocs. Bough diagrams are drawn in the field-book not 
to any scale, but merely bearing some sort of resemblance to the 
lines measured on the ground, for the purpose of showing, at any 
period of the work, their directions and how they are to be connect- 
ed ; and also of eventually assisting in laying down the diagram 
and content plat. On these rough diagrams are written the ^s- 
tinctive letters by which each line is marked in the field-book, and also 
its length, and the distances between pomta marked upon it, from 
which other measurements branch off to connect the interior por- 
tions of the district surveyed. 



(150) Calculations. The calculations of one of the figures, HI, 
is given below in detail. It is composed of the triangle DPQ, with 
oSsets along the sides PQ ; and of the triangle DWX, with offsets 
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alartg the sides' 3PW anfi WX. From the content thus obtained 
must be subtracted the offsets on PQ, belon^ug to the figure It], 
and those on WX belonging to the figure IS- When the offsets 
are triangles, (right angled, of course), the base and perpendicular 
are put down as two sides ; when they are trapezoids, the two 
parallel sides and the distance between them occupy the columna 
of "sides," 



XRL4N8LB 

OR 
TRAPEZOID. 



DPQ 

PQ. 



DWX 
PW 



1st 



Total Additives, 



50 174 
50 30 292 



Total SvhtracUves, 
Total Additives, 

I I I 

IHffermcs, \ 



.6600 1 
.3280 J 
.3240 ) 



1.3020 
61.8339 
.4650 
.3192 J 
.4784 
.1620 



.4350 
1.1680 
.0990 



3.6984 
140.8256 
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The other figures, comprised within the large trianglO; 
ed and calculated in a similar manner. An abridged 
the results is ^yen below. 



DIVISION-. 


ADDITIVES. 


SDBTRAOTIVB. 


DIFFEEENCE IN 
SQUARE CHAINS. 


K 


DNS 

and offsets. 


DWX 

NUV 

and offsets. 


j 140.4893 


t 


UNO 

and offsets. 


DPQ 
and offsets. 


j 100.1882 


s 


ANO 

and offsets. 


NBM 

and offsets. 


j 103.9TT8 


M } 


HTN 

NUV 

NEM 

and offsets. 


Offiiets. 


I 81.630T 


tl 


CMS 
and offsets. 


HTN 
and offsets. 


j 109.6064 


M 1 


DPQ 
DWX 


Offsets. 


j 137.1271 


Total, 672.9195 



The accuracy of the preceding ealcnlalions of the separate figures 
must now he tested by comparing tho sum of their areas with that 
of the large triangle ACD, which comprises them all. Their area 
must previously be increased by the ofisets on the lines CS and CH, 
which had been deducted from H, and which amount respectdvely 
to 3.52T0 and 2.8690. The total areas will then equal 679.3155 
square chains. That of the triangle ACD is 679.5032 ; a. differ- 
ence of less than a fifth of a square chain, or a fiftieth of an acre ; 
or about one-fortieth of one per cent, on the total area. 

(151) The six lines. In most cases, great or small, six fun- 
damental lines wiU need to be measured ; viz. four approximate 
boundary lines, fonning a quadrilateral, and its two diagonals. 
Small triangles, to determine pronmient points, can be formed within 
and without these main lines by the First Method, Art. (5), 
and the lesser irregdarities can be detenmned by offsets. 
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Fig. 78. 




Thus, in the above figure, two straight lines AE and CD are 
measured through the entire length and breadth of the farm, or 
township, which is to be surveyed. Tlie connecting lines AC, OB, 
BD and DA are also measured, uniting the extremitieB of the 
first two lines. The last four Imes thus form a quadrilateral, which 
is divided into two triangles by one of the first measured lines, 
while the second serves aa a proof-line. The distance from the 
intersection of the two diagonals to tlie extremities of each, being 
measured on the ground and on the plat, afibrds an additional teat. 

Other poinfe of the district surveyed (aa E, 0, K., &c., in the 
figure,) are determined by measuring the distances from them to 
known points (aa M, N, P, E, fee, in the figure) situated on some 
of 1i.e six fundamental Sines, thus formmg the triangles T, T- 

The intersection of the main diagonals, and also the intersec- 
tjona of the various minor lines with tiie main lines and with each 
other, should all bo carefully noted, as additional checks when the 
work cornea to be platted. 
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The larger figures are determined first, and the smaller ones 
based upon them, in aeeordanee with this important principle in 
all surveying operations, always to work from the whole to the 
parts, and from greater to less. The unavoidable inaeenraciea are 
thus subdivided and dimmished. The opposite course would accu- 
mulate and magnify them. 

These additional fines, which form secondary triangles, should 
be so chosen and ranged as to pass through and near as many ob- 
jects as possible, in order to require as few and as short oKets as 
the position of the lines will permit ; the smaller irregularities being 
determined hy offeetS"as usual. It is better to measure too many 
lines than too few, and to estabhsh unnecessary "fa' 
rather than not to have enough. 



(133) Exceptional cases> The preceding arrangement of lines, 
though in most cases the best, may sometimes be varied with ad- 
vantage. Unless the farm surveyed be of a shape nearly as broad 
as long, the two diagonals will cros? each other obliiJiuely, instead 
of nearly at right angles, as is desirable. 



When the farm is much 
longer than it is wide, two 
systems, of six lines each, 
may bo used with much 
advantage, as in Fig. T9. 
Several such may be com- /I 
bined when necessary. 



r^ 


■^r 


n 


4^ 


^ry-'-^ 





In a case like that in Rg. 
80, five fines will be better 
than six, and will tie one an- 
other together, their points of 
intersection being carefufiy 
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Iq the farm 
Fig. 81, the syatem of lines 
there shown is the best, and 
they TS-ill also tie one another. 



(133) Much diffieiJtj ivill often be found in ranging anc! mea- 
Buring the long lines required by tiiia mefhod in extensive surveys. 
Various contrivances for overcoming the obstacles which may be 
met with, will he explained in the following chapter. It will often 
be convenient to measure the minor lines along roads, lanes, 
paths, &c., altliough they may not lie in the most desirable direc- 
tiom. Steeples, chimneys, remarkable trees, and other objects of 
that character, may often bo sighted to, and the line measured to- 
wards them, with much saving of time and labor. The point where 
the measured lines cross one another should always be noted, and 
they will thus form a very complete scries of tie-lines.* 

A view of tJie district to be surveyed, taken from somo elevated 
position, will be of much assistance in planiung the general direc- 
tion of the lines to bo measured. 



(134) Inaccessible Areas. 

A combination of ofiaets and 



plies an easy me- 
thod of surveying an inacces- 
sible area, such as a pond, 
swaoap, forest, block of houses, 
&e., as appears from the fi- 
gure; in which external bound- 
ing lines are taken at will and 




" To find the esact point of mtecaection of these lines, wiiicli are only " visual 
lines," (explained in Art (19),) three persons are neceasaiy: oDe stands M some 
point of one of ths lines and sights to some other point on it ; a second doea the 
same on the second line ; by signs they direct, to right or left, the movementa of a 
third peraon, who holds a rod, till he ia placeii in both of iha lines and thus at 
their mteraectloo, on the principle of Ait. (U). 
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measiired, and tied by "tic-lines''' measured between those lines, 
prolonged when necessary, as in Art. (101), "while offsets frona 
them determine the irregularities of the actual boundaries of the 
pond, &c. 

These offsets are insets, and their content is, of course, to be 
subtracted from the content of the principal figure. 

Even a circular field might thus be approximately measured firom 
the outside. 

If the shape of the field admits o: 
it, it will be preferable to measure 
four lines about the field in such 
directions as to enclose it in a recfc- < 
angle, and to measure ofisets from the 
Mdes of this to the angles of the 



Fig. 83. 




(135) When one of the lines with i^-hich 
an inaccessible field is surrounded, as in 
the last two figures, cuts a comer of the 
field, as in Fig. 84, the triangle ABO is 
to be deducted from the content of the 
enclosing figure, and the triangle CDE 
added to it. The triangle DEP is also 
to be added, and the triangle FGH de- 
ducted. To do this directly, it would be 
necessary to find the pomta of intersection 
C and F. But tins may be difficult, and 
can be dispensed with by obtaining the 
difference of ea«h pair of triangles. The 
difference of ABC and CDE will be ob- 
tained at ODce hy multiplying the differ- 
ence of the offsets AB and DE by half of BE ; and the difference 
of DEF and FGH by multiplying the difference of DE and GH 
by half of EG.* 
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(136) Roads. A winding Koad may also he surveyed thus, aa 
13 shown in Kg. 85; straight lines being measured in the road. 

Fig. 85. 




W 



their changes in direction det«nnined hy tie-lines, tying one line 
the preceding one prolonged, as explained in Chapter II, of tl 
Part, and points in the road-fences, on each side of these 
lines, being determuied by offsets. 



A RlTcr may also be supposed to be represented by tbe above 
wmding lines ; and the lower set of lines, tied to one another as 
before, and with ofeets from them to the water's edge, will be euf- 
ficient for making an accurate survey of one side of the river. 

(13T) Towns, ■ A town could bo surveyed and mapped in the 
same manner, by measuring straight lines through all the streets, 
determining their angles by tie-hnes, and taking offsets from them 
to the blocks of houses. 
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CHAPTER V. 



OBSTACIES TO MEASUREMENT IN CHAIN SURVEYING. 

(138) In the practice of tiie various methods of surveying which 
hare been explained, the hills and valliea which are to ho crossed, 
the sheefe of water which are to be passed over, the woods and 
houses wHeh are to he gone through — all these form obstacles to 
the measurement of the necessary lines which are to join certain 
points, or to ho prolonged in the same direction. Many special 
precautions and contrivances are, therefore, rendered necessary ; 
and the best methods to he employed, when the chain alone is to 
he used, will be given in the present chapter. 

(139) The methods now to be ^ven for overcoming tlie vaiions 
obstacles met with in practice, constitute a Land-Geometry, 
Its problems are performed on the ground instead of on 
paper : ita /compasses are a chain fixed at one end and free to swing 
around with tho other; its scale is the chain itself; and its ruler 
is the same chain stretched tight. Ita advantages are that its sin- 
gle instrument, (or a substitute for it, such as a tape, a rope, &c.) 
can be found anywhere ; and its only auxiharies are equally easy 
to obtain, being a few straight and slender rods, and a plumb-line, 
for which a pebble suspended "by a thread is a sufficient substitute. 

Mpjiy of these problems require the employment of perpendicu- 
lar and parallel lines. For this reason we will commence with this 
class of Problems. 

The Demonstrations of these problems will be placed in^an Ap- 
pendix to this volume, which will be the most convenient arrange- 
ment for the two great classes of students of surveying ; those who 
wish merely the practice without the principles, and those who wish 
to secure both. 

The elegant " Theory of Transversals" will be an important ele- 
ment in some of these demonstrations. All of them will constitute 
excellent exercises for students. 
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PROBLEMS ON PERPENDICULARS." 

ProMem I. To ereat a perpendicular at any point of a line. 



(140) First Method. Let A be the Fig- ap- 

point at which a perpendicular to the line ii 
to be set out. Meaaure off equal distances 
AB, AC, on each side of the point. Take . 
a portion of the chain not quite 1^ times as 
long as AB or AC, fix one end of this at I 
and describe an arc ivith the other t 
Do the same from C. The intersection of these arcs will fix a pomt 
D. AD -will be tiie perpcndiealar required. Repeat the operation 
on the other side of the line. If that is impossible, repeat it on 
the side with a different length of chain 




(141) Second Method. IVieasure off as he- 
fore, equal distances AB, AC, but each about 
only one-third of the chain. Fasten the ends 
of the chain witli two pins at B and C. Stretch ^" 
it out one side of tfce line and put a pin at the 
middle of it, D. Do the same on the other 
side of the line, and set a pm at E. Then is DE a perpendicular 
to BC. If it is impossible to perform the operation on both sides 
of the line, repeat it on the same side with a different length of 
chain, as shown bj the hnes BF and OF in the figure, so as to get 
a second point- 

(142) Other Methods. All the methods to be given for the 
next problem may be applied to this. 



* Maaj of Ihese methods would seldom be required in practice, but cafles some- 
times occm', as every surveyor of much eipeiienoe iii Field-work has found to 
his aerioua mcouveiiience, in which some peculiarity of the local circumstances 
forbids any of the usual methods being applied. In such cases the collection here 
given will be found of great value. 

In all the figures, the given and measured lines are drawn with fine full lines , 
the visual Unea, or lines of sight, with broken lines, and the lines of the result 
with heavy full lines. The points which are centres around which the chain is 
swung, are enclosed in circles. The alphabetical order of tiie kttiirs attached In 
the points, shows in what order they are taken. 

7 
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ProMem 2. To ereet a perpendicular to a line at a given point, 
toheti the point is at or near tJie end of the line. 

(143) First Method. Measure 
40 links along the line. Let one as- 
sistant Iiold one end of the chain at 
that point ; let a second hold the 20 
link mark wMch ia nearest the other 
end, at the given point A, and let a 
third take the 50. link mark, and 
tighten the chain, drawing equally on both portioi^ of it. Then 
will the 50 link mark be in the perpendicular desired. Repeat 
the operation on the other side of the line so as to test the work. 

The above numbers are the most easily remembered, but the 
longer the lines meflsured the better ; and nearly the whole chain 
may be used, thus: Fix down the S6th Imk from one end at A, 
and the 4th link from the sarae end on the line at B. Fix the 
other end of the chain also at B. Take the 40th link mark from 
this last end, and draw the chain tight, and this mark will be in 
the perpendicular desired. The sides of the triangle formed by 
the chain will be 24, 32 and 40. 



(144) Otherwise : using a 50 feet 
tape, hold the 16 feet mark at A ; 
hold the 48 feet mark and the rinj 
end of the tape together on the line ; 
take the 28 feet mark of the tape, and 
draw it tight ; then will the 28 feet 
mark be in the perpendicular desired. 



(145) Second Method. Hold one end 
of the chain at A and fix the other end at a 
point B, taken at wiL. Swing the chain 
around B as a centre, till it again meets the 
line at C. Then carry the same end around 
(the other end remaining at B) till it comes 
in the line of CB at D. AD ia the perpen- 
dicular required. 
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(U6> Third Method. Let A be the ^ven 
point. Choose aay point B. Measure BA. 
Set off, on the given line, AC = AB. On CB 

produced set off from C, a distance = — pv, -- 
This ml] fix the point D, and AD ■ 
perpendicular required. 



(147) Fourth Method. From the 
^ven point A set off on the ^ven line 
any distance AB. Frora B, in any 
convenient direction, set off BC = AB. 
Then on the given line, set off AD — 

AC. On CB prolonged, set off CE = 

AD. Join DE ; and on DE, from D, set off DE = 2 AE. Then 
will the line AF he perpendicular to the line AD at the point A. 




to an inaccessible line. 



Problem 3. To erect a 
at a given point of it. 

(148) Mrst Method. Get points in the direction of the inac- 
cessible line prolonged, and from them set out a parallel to the line, 
by methods which are given in Art. (165), &c. Find by trial the 
point in which a perpendicular to this second line (and therefore to 
the first line) will pass through the required point. 

(149) Second Method. If the line is not only inaccessible, 
but cannot have its direction prolonged, the desired perpendicular 
can be obtained only by a complicated trigonometrical operation. 

ProMem 1. To let fall a perpendimlar from a given point to 
a given line. 

(130) First Method. Let P be 
the g^ven point, and AE the given 
line. Measure some distance, a chain 
or less, from C to P, and then fix one 
end of the chain at P, and swing it 
around till the same distance meets 
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the line at some point D. The middle point E of the distance CD 
will be the required point, at irHch the perpendicular from P 
would meet the line. 



(151) Second Method. Stretch a chain, or a portion of it, 
from the ^ven point P, to some point, as A, of the f 'g' ^*- 

^ven line. Hold the end of the distance at A, 
and swing round the other end of the cham 
from P, so aa to sot off the same distance a 
the given line from A to some point B. Mea- 
sure BP. Then -vrill the distance BC from B to the foot of the 
desired perpendicular ^ 






(152) Other Methods. All the metl 
problem can he applied to this one. 



i given in the next 



Problem 3> ToletfaUapeij>endicularto a line, from a ^oint 
nearly ojfposite to the end of the line. 

(153) First Method. Stretch a chain from the given point P, 
tosomepoint, as A,ofthegivenli!ie. Fixto v ..'i;. 
the ground the middle point E of the chain 
AP, and swing around the end which was at 
P, or at A, till it meets the given line in a 
point C, which wiU bo the foot of the re- 
quired perpendicular. 

(154) Second Method. Take any point, 
as A, on the ^ven line. Measure a dis- 
tance AB. Let the end of this distance 
en the chain be held at B, and swing around 
the end of tho chain, till it comes in the 
line of AP at some point 0, thus making BC = AB. Measure 
AC and AP. Then the distance AD, from A to the foot of the 

,. , . ', APxAC 

perpendicular required = „ .„ -. 
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(155) Third Method. At any convenient 
point, as A, of the given line, erect a perpen- 
^eular, of any convenient length, as AB, and 
mark a point on the given line, in the line 
of P and B. Measure CA, CB and CP. 
Then the distance from C to the foot of the 

perpendicular, \. e. CD 




CB 



FroMcm £■ To let fall a perpendicular to a line, from an 



(156) Mrst Method. Let P be the given 
point. At any point A, on the ^ven Uno,set out 
a perpendicular AB of any convenient length. 
Prolong it on the other side of the line the 
same distance. Mark on the given Ime a 
point D in the line of PB ; and a point E in 
the line of PC. Mark the point F at the in- 
tersection of DC and BE prolonged. The line 
PP is the hue required, being perpendicular 
to the ^vcn line at the point G. 




(157) Second Method. Let A and B 
be two points of the ^ven lino. From A 
let fall a perpendiculai', AC, to the visual 
line BP ; and from B let fall a perpendi- 
cular, BD, to the visual line AP. Pind 
the point at which these perpendiculars 
intersect, as at E (see Art.(lS3)),and the 
line PE, prolonged to F, will give the 
perpendicular re 




Problem 7. To let fall a perpendicular from a given point to 
em inaccessible line. 
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(158) Mrst Method. Let P be 
the ^ven point and AB the given A- 
line. Bj the preceding problem, let 
fail perpendiculars from A to BP, at 
C ; and from B to AP, at D ; the 
line PE, passing from the given point 
to the intersection of these perpendiculars, ia the desired perpendi- 
cular to the inaccessible line AB. 

This method will apply -when only two points of the line are 



(159) Second Method. Through the given point, set out, by 
the methods of Art, (165), &c., a Ime parallel to the inaccessible 
line. At the given point erect a perpendicular to the parallel Hne, 
and it will be the required perpendicular to the inaccessible line. 

PROBLEMS ON PARALLELS. 
Problem 1. To run a line, from a given point, parallel to a 



(1$0) Mrst Method. Let fall a perpendicular from the point 
to the line. At another point of the hne, as far off as possible, 
erect a perpendicular, equal in length to the one just let fall. The 
line joining the end of this line to the ^ven point will be the paral- 
lel r 



(161) Second Method. LetABbe 
the given line, and P the given point, a - 
Take any point, as C, on the given line, 
and from it set off equal distances, as 
long as possible, CD on the given lino, 
and CE, on the Ime CP, Measure 
BE. From P set off PE =t CE ; and from F, with a distance = 
DE, and from P, with a distance = CD, describe arcs intersect 
uig m Gr. PG- will be the parallel required. If it is more con- 
venient, PC may be prolonged, and the equal triangle, CDE, bo 
formed on the other side of the line AB. 
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(162) Third Method. Measure from _ t'lg- 102. 
P to any pomt, as 0, of the given line, and j 
put a mark at the middle point, D, of tliat 
line. From any point, as E, of the i 
line, measure a line to the point D, and con- 
tinue it till DF = DE. Then will the line 
PF be parallel to AB. 

(163) Fourfft Method. Measure from 
P to any point C,* of the ^ven line, and 
continue the measurement til! CD = CP. 
From D measure to any point E of the 
^ven line, and continue the measurement 
tiU EF = ED. Then will the hne PF 
be parallel to AB. If more convenient, 
CD may be made one-half, or any other fraction, of CP, and EF 
he then made twice, &c., DE, 

(164) W*^ Method. From any ^'S' l-^''- 

point, as C, of the line, set off equal ■^ - v; ; ^^^^^^^ 

distances along the lino, to D and E. 

Take a point F, in the Hne of PD. 

Stake out the linea FO and FE, and ''■, 1 / 

also the hne EP, crossing the line CF ^' 

in the point G. Lastly, prolong the line DG, till it meets the 

line EF iu the point H. PH is the parallel required. 




~~^ 



FroUcm 2, 

inaccessible Hi 



To run a line from a t/ivmi point parallel to i 



(165) Mrst Method. Let AB 
be the ^ven line, and P the given 
point. Set a stake at C, in the line 
of PA, and another at any conven- 
ient point, D. Through P, set out, 
by the preceding problem, a parallel 
to DA, and set a stake at the point, 
as E, where this parallel intersects DC prolonged. Through E 
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set out a parallel to BD, and set a stake at the point F, where this ■ 
parallel intersects BO prolonged. PF is the parallel required. 

(166) Second Method. Set a stake 
at any point, C, in the lino of AP, and 
another at any convenient pla«e, as at D. 
Through P set out a parallel to AD, (not 
shewn in the figoro,) intersecting CD in 
E. Through E set out a parallel toDB, 
intersecting CB in F. The hne PF wUl 
be the paraOel required. 

(167) AlinemcBt and Measnremcnt. We are now prepared, 
having secured a variety of methods for setting out Perpendiculars 
and Parallels in every probahle case, to take up the general sub- 
ject of overcoming Obstacles to Measurement. 

Before a line can be measured, its direction must be determined. 
This operation is called Ranging the line ; or Alining it ; or 
Boning it.* The word Alineme'nt\ will be found very convenient 
for expressing the direction of a line on the ground, whether 
between two points, or in their direction prolonged. 

This branch of our subject naturally divides itself into two parte, 
the Srst of which is preliminary to the second ; viz : 

I. Of Obstacles to Alfnement ; or Iww to establish the direc- 
tion of a line in any situation. 

II, Of Obstacles to Measurement i or how to find the length of 
a line which cannot be actually measured. 

I. OBSTACLES TO ALINEMENT. 

(168) All the cases which can occur under this heac!, may be 
reduced to two ; viz: 

A. To find points in a line beyond the given points, i. e. to 
prolong the lino. 

B. To find points in a line between two given points of it, i. e. 
to interpolate points in the line. 



rhzs word, like many others used in Engineering, is derived from a Frenck 
1, Bonier, to maxk out, or limit ; indicating tliac the Mormans iutroduced the 
f Surveying into England. 
Jlighlly modified from the Frenoii Alignemeat. 
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A. TO FROLONCi A LINE 



(169) By Ranffing with rods. WLen two points in a line are 
^ven, and it is desired to ^^S- lor.^ 

prolong the line by ranging "^^S^^^^^^^O^^- 

it out -mtli rods, three per- -^ '^^^^^i^^^,^^^^'^ 
8003 are required, ea«h formshed witli a straight slender rod, and 
■with a plumh-lme, or other means of keeping their rods vertical. 
One holds his rod at one of the given points, A, in the figure, and 
enother at E. A third, C, goes forward as far as he can without 
losing sight of the first two rods, and then, lookiag back, puts him- 
self " in line " with A and B, i. e. so that when his eye is placed 
at C, the rod at B hides or covers the rod at A. This he can do 
most accurately by holding a plumb-line before his eye, so that it 
shall cover the first two rods. The lower end of the plumb-bob 
will then indicate the point where the third rod should be placed ; 
and.so with the rest. The first man, at A, is then signalled, and 
comes forward, passes both the others, and puts himself at D, " in 
line" withC andB. The man at B, then goes on to E, and "Imea" 
himself with D and C : and so they proceed, in this " hand over 
hand" operation, as far as is desired. Stakes are driven at ea«li 
point in the fine, as soon as it is determined. 

(170) The rods should he perfectly straight, either cylindrical or 
polygonal, and as slender as they can bo without bending. They 
should be painted in alternate bands of red and white, each a foot, 
or link in length. Their lower ends should be pouited with iron, 
and a projecting bolt of iron ^vill enable them to bo pressed down 
by the foot into the earth, so that they can stand alone. When 
this is done, one man can range out a line. A rod can be set per- 
fectly vertical, by holding a plumb-line before the eye at some dis- 
tance fi-om tlie rod, and adjustbg the rod so that the plumb-line 
covers it from top to bottom ; and then repeating the operation in 
a direction at right angles to the former. A stune dropped from 
top to bottom of the rods ^viU approximately attain the same end. 

When the lines to be ranged are long, and great accuracy is re- 
quired, the rads may liave attached to them plates of tin with open- 
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inga cat out of them, and black horse-hairs stretched from Fig.ios. 
top to bottom of the openhiga, A small telescope m«st '- 
then be used for rangmg these hairs in line. In a hasty 
survey, straight twigs, mth their tops split to receive a par 
per folded as in the figure, may be used. 



Hg. 108. 

T 



iz'Pn 



:t" 



(171) By PerpcBdicnlars. 

The straight Uno, AB in the — r 
figure, is supposed to he stop- c 
ped by a tree, a house, or other obstacle, and it is desired to pro- 
long the line beyond this obstacle. From any two points, as A 
and B, of the hno, set off (by some of the methods which have been 
^ven) equal perpendiculars, AC and ED, long enough to pass the 
obstacle. Prolong this line beyond the obstacle, and from any two 
pomts in it, as E and F, measure the perpcndiculai-s EH and 
FCf, eci^ual to the first two, but in a contrary direction. Then 
will G and H be two points in the line AB prolonged, which isan 
he continued by the method of the last article. The points A 
and B should be taken as far apart as possible, as should also 
the points E and F. Three or more perpendiculars, on each 
side of the obstacle, may be set off, in order to increase the accu- 
racy of the operation. The same thing may also be done on the 
other side of the line, as another confirmation, oi' test, of the accu- 
racy of the prolonged line. 

(172) By equilateral triangles. 

The obstacles, noticed in the last arti- 
cle, may alsi be oveicome by me'ms of 
thiee equilateial tnangles, formed by 
the eham Fix one end of the ch-un, 
and al'^o the end of the fir'<t Imk fiom 
lis othei end, it B , fix the end of the 
33d link It A , t-ike hold of the 66th 
link, an ! di*i% the chiin t „1 1, pullmg equally on eioh part, and 
put a pin at the point thuia f Dund, C, m the figure An equilateral 
tn'mgle -will thus be formed, each side beuag S3 hnks. Prolong 
the Ime VC pa«t the obstacle, to some point, is D &Iake another 
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equilateral triangle, DEF, as before, and thus fix the point F. Pro- 
long DF, to a length equal to that of AD, and thus fix a point G, 
At G form a third equilateral triangle GHK, and thua fix a point 
K. Then will KG give the direction of AE prolonged. 



Let AB be the line to be 

Fig. 111. 



(I7S) By symmetrical triangles. 

prolonged. Take any conve- 
nient point, as C. Range . .. 
out the line AC, to a point^ "^ 
A', such that CA' =^ CA. 
Range out CB, bo that CB' 
= CB. Range backwards 
A'B', to some point D, such 
that DC prolonged will pass 
the obstacle. Find, by rangmg, the intersection, at E, of DB and 
AC. From C, measure, on CA', the distance CE' CE. Then 
range out DC and B'E' to tiieir intersection in P, which will be a 
required point in the direction of AJB prolonged. The symmetri- 
cal points are marked by correspondmg letters. Several other 
points should be obtained in the same manner. 

In this, as m all similar operations, very acute Jntersectioia 
should be avoided as far as possible. 




(174) By transversals. LetAEbe 
the ^ven fine. Take any two points C 
and D, such that the luie CD will pass 
the obstacle. Take another point, E, 
in the intersection of CA and DB. 
Measure AE, AC, CD, BD and BE. 
Then the distance from D to P, a point 
in the required prolongation, i^ill be 
DP — CDxBDxAE 
'"BExAO— BDxAE' 

Other points in the prolongation may 
be ol)tained in the same manner, by 
merely moving the single point C, in the 
line of EA ; in which case the new 
alone require to be 



Fig. 112. 




CA and CD mil 
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If AE be made equal to AC, tlien is DP = g^ngi)" 

IfBEbemade equal to BD, then is DP =^ AC— AE ' 

The minm sign in the denoirunatora must be understood as only 

meaning that the difference of the two tei-ma is to be taken, without 

regard to which is the greater. 



(175) By harmonic conjugates. 

Let AB be the given line. Set a, 
8ta.ke at any point C. Set stakes at 
points, D, on the line CA, and at 



E, on the hnc GB ; these points, '\^ / \,^'-'i!^E /' 

D and E, being so chosen that the 'x_^--''l\ ;'i /' 

line DE will pass beyond the obsta- '\ ""'fei-lii'' 

ele. Set a fourtli stake, F, at the '"■•.,//; 

intersection of the lines AE and ■•,''] 

DE. Sot a fifth state, G, any- c 

where in the line CF ; a sixth stake, H, at the intersection of CB 
and DG prolonged ; and a seventh, K, at the intersection of CA 
and EG prolonged. Finally, range out the lines DE and KH, 
and their intersection at P, will be in the line AB r 



(176) By the complete Quadrilaleral.' Let AB be the given 
line. Take any conven- Fig. ii4 
ient point G ; measure V C _ G, 

from it to B, and onward, ^\\4 /fj^^ -:^^^^^ 

in the same line prolong- \\r~~7^^^^:^*^^^^ 

ed, an equal distance to D. ^x2^^' ^-^^^ 

Take any other convenient v''^-!^ 

point, E, such that CE and ^^ 

DB produced will clear the obstacle. Measure from E to A, and 
onward, an equal distance, to F. Range out the lines FC and DE 
to their intersection in G. Range out FD and CE to inter- 
sect in H. Measure GH. Its middlo point, P, is the required 
pomt in the line of AB prolonged. The unavoidable acute inter- 
sections in this construction are objeclionabie. 
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B. TO INTERPOLATE POINTS IN A LFIVE. 

(177) The most distant given point of the line must be i 
as conspicuous as possihle, by any e£Bcient means, such as p 
there a staff, beaiing a flag; red and wliite, if seen agfunst 
woods, or other dark back-ground ; and red and green, if seen 
against the sky. 

A convenient and portable signal is shown in the figure. 




The figure represente a disc of tin, about six inches in diameter, 
painted white and hinged in the middle, to make it more portable. 
It is kept open by the bar, B, being turned into the catch, C. 
A screw, S, holds the disc in a slit in the top of the pole. 

Another contrivance is a strip of tin, which has its ends bent 
horizontally in contrary directions. As the mud will take strong- 
est hold of the side which is concave towards it, die bent strip will 
continually revolve, and thus he very conspicuous. Its upper half 
should be painted red and its lower half white. 

A bright tin cone set on the staff, can be seen at a great distance 
when the sun is shining. 

178) Ranging to a point, thus made conspicuous, is very sim- 
ple when the ground is level. The surveyor places his eye at the 
nearest end of the line, or stands a little behind a rod placed en it, 
and by signs moves an assistant, holding a rod at some point as 
nearly in the desired line as he can guess, to the right or left, till 
his rod appears to cover the distant point. 
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AVhen a yallej, or low spot, inter- 




(179) Across a Valley. 

yenea between the two ends 
of tlie line, A and Z in the 
figure, a rod held in tiie 
low place, as at B, would = 
seldom be high enough to 
be seen, from A, to cover ^^ 

ike distant rod at Z. In 

auch a case, the surveyor at A should hold up a plumb-line over 
the point, at arm's length, and place hia eye so that the plumb-line 
covers the rod at Z. He should then direct the rod held at B to 
be moved till it too is covered by the plumb-line. The point B is 
tien said to be " in line" between A and Z. In geometrical lan- 
guage, B has now been placed in the vertical plane determined by 
the vertical plumb-line and the point Z. Any number of interme- 
diate points can thus be " interpolated," or placed in line between 
A and Z. 

(180) Over a Hill. When a hiU risca between two points and 
prevents one being seen from the other, as in the figure, (the upper 




of which shows the hdl m Elewtion and th lower part in 
"Plan"), two observers BanlC each ho! Im^ a od, may place 
themselves on the ilge, tie Ine between the two points, as 
nearly as they can guess, and so that each can at once see the other 
and the point beyond him. B looks to Z, and by siguids puts C 
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Ill 



"in line." C then looka to A, and puts B in line at B'. B re- 
peats his operatinn from B', putting C at C, and ia then himself 
moved to B", and ao they alternately "line" each other, continu- 
ally approjdmating to the straight line between A and Z, till they 
at last find themselvee both exactly in it, at B'" and C". 



(181) A single person may put himself in lino between two 
points, on the same principle, by laying a straight stick on some 
support, going to each end of it in turn, and maMng it point suc- 
cessively to each end of the line. The " Surveyor's Croaa," Art. 
(104), 13 convenient for this purpose, when set up between the two 
given points, and moved again and again, until, by repeated trials, 
one of its alits sights to the given points when looked through in 
either direction. 



(182) On Water. A simple instru- 
ment for the same object, is represented 
in the figure. AB and CD are two 
tubes, about 1^- inches in diameter, con- 
nected by a smaller tube EF. A piece 
of looking-glass, GH, is placed in the 
lower part of the tube AB, and another, 
KB, in the tube CD. The planes < 
the two mirrors are at right angles 1 
each other. The eye is placed at A, and 
the tube AE ia directed to any distant 
object, as X, and any other object be- 
hind the observer, as Z,will be seen, ap- 
parently under the first object in the mirror GH,by reflection from 
the mirror KL, when the observer has succeeded in getting in line 
between the two objects. M, N, are screws by which the mirror 
KL may he adjusted. The distance between the two tubes will 
cause a small parallax, which will, however, be insensible except 
when tlie two objects are near together. 
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(183) Throiigii 

any two given 
points, pre- 
venting one 
from being 
seen from the - "^ 
other, as in the figure, in which A and Z are the ^ven pointfl, pro- 
ceed thus ; Hold a rod at some point B' as nearly in tlie desired 
line from A as can be guessed at, and aa far from A as possible. 
To approximate to the proper direction, an assistant may be sent to 
the other end of the lins; and his shouts will indicate the direction ; 
or a gun may be fired there ; or, if very distant, a rocket may be 
sent up after dark. Then range out the " I'andom line " AB', by 
the method given in Art. (169), noling also the distance from A 
to each point found, till you ari'ive at a poini Z', opposite to the 
point Z, i. e. at that point of the line from which a perpendicular 
there erected would strike the pomt Z. Measure Z'Z. Then 
move each of the stakes, perpendicularly from the line AZ', a dis- 
tance proportional to their distances from A. Thus, if AZ' be 
1000 links, and Z'Z be 10 finks, then a stake B', 200 links from 
A, should be moved 2 links to a point B, which will be in the de- 
sired straight line AZ ; if C be 400 finks from A, it should be 
moved 4 links to C, and so with the rest. The line should then 
be cleared, and the accuracy of the position, of these stakes tested 
by ranging from A to Z. 



(184) To an invisible intersection. Let AB and CD bo two 

lines, which, if prolong- ^'s- '-<*. 



)u!d meet in a ' 



-3.tL''l 




point Z, invisible from 

either of them ; and let 

P be a point, from wHcli 

a line is required to be 

set out, tending to this 

invisible intersection, c' 

Set stakes at the five given points, A, E, C, D, P. Set a sixth 

stake at E, in the afinements of AD and CP ; and a seventh stake 
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at F, in tlie alinements of BC and AP. Then set an eighth stake 
at G, in the alinements of BE and DF. PG will be the required 
line. 

Otherwise ; Through P range out a parallel to the line ED. 
Note tho points where this parallel meets AB and CD, and call 
these points Q and K. Then the distance from B, on tho line BD, 
to a point which shall he in the required line running from P to the 

■•-,-, ■ . -u 1. BDxQP 

invisible pomt, will be = ■ q„ 

rr. OBSTACLES TO MEASUREMENT. 
(i85) The cases, in which the du-eet measurement of a hne is 
prevented bj various obstacles, may be reduced to three. 

A. When hoA ends of the line are accessible. 

B. When one end of it is inaoeeaaihle. 

C. When both ends of it are inacoessihle. 

A. WHBiS BOTH EISDS OF THE LIKE ARE ACCESSIBLE. 
(186) By Perpendlculare. On 

reaching tie obstacle, as at A in 

the figure, set off a perpendicular, C^^^l 

AB; turn a second right angle at B, b ' 'p 

and measure past the obstacle ; turn a third n^ht inj^le ^t <J ; and 
measure to the original line at D, Then wili the measured dis- 
tance, BC, be equal to the desired distance, AD. 

If the du'ection of the line is also unknown, it wili be most easilj 
obtained by the additional perpendiculars shown in Fig. 109, of 
Art. (171). 

(181) By equilateral triangles. 

The method given in Art. (172), for 
detenmning the direction of a line 
through an obstacle, wUl also give its 
length ; for in Fig. 121' (Fig. 110 re- 
peated) the desired distance AGis equal 
to tho measured distances AD, or DG. 
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(188) By symmetrical triangles. 

Let AB be the distance reqiiired. 
Measure from A obliquely to some 
point C, past the obstacle. Mea- 
sure onward, in the same line, IJll 
CD is as long as AC, Place stakes 
at C and D. From B measure to 
C, and from C measure onward, in 
the same line, till CE is equal to CB. Measure ED, and it will 
he equal to AB, tho distance required. If more convenient, make 
CD and CE equal, respectively, to half of AC and CB ; then will 
AE be equal to twice DE. 




(189) By transTCrsals. Let 

AB be the required distance. Set 
a stake, 0, in the line prolonged ; 
set another stake, D, so that C and 
B can be seen from it ; and a third 
staie, E, in the line of BD pro- 
longed, and at a distance from D 
equal to tlie distance from D to B. 




Set a fourth staJce, F, at the intersection of EA and CD. 
AC, AFandFE. Then ia AB = ^ (EE-AF). 



(190) In a Town. Cases may occur, 
in tiie streets of a compactly built town, 
in which it is impossible to measure along 
any other lines than those of the streets. 
The figure represents such a case, in 
which is reqiBred the distance, AB, be- 
tween points situated on two streets which 
meet at the point C, and between which 
runs a cross-street, DE. In this case 
measure AC, CE, CD, DE mA CB. 
Then Is the required distance 
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= 4/|(AC — B0)2 + [dE=— (CE — CD)^]. 



ACxEC-) 



As this expression is somewhat complicated, an example -will be 
given : Let AC = 100, CE = 40, CD = 30, DE = 21, and CB 
= 80 ; then will AB = 51.7. 



B. WHEN ONE END OF THE LINE IS INACCESSIBLE. 

(191) By Perpendiculars. This principle 
may he applied in a variety of ways. In Fig. 
125, let AB be the required distance. At the 
pomt A, set off AC, perpendicular to AB, and 
any conrenient length. At C, set off a perpen- 
dicular to CB, and continne it to a point, D, in 
the line of A and B. Measure DA. Then is 



AB: 



" AD' 



(192) Otherwise : At the point A, in Fig. 

126, set off a perpendicular, AC. At C set 

off another perpendicular, CD. Eind a point, 

E, in the line of AC, and BD. Measure AE 

:,T^r, rrv ■ * t. AE X CD 
aod EC. Then is AB = ~ — . 

If EC be made equal to AE, and D be set 
in the line of BE, and also in the perpendicular 
from C, then will CD be equal to AE. 

If EC = i AE, then CD = i AB. 




(193) Otherwise ; At A, in Yig. 127, mea^ 
sure a perpendicular, AC, to the Hne AB ; and 
at any point, as D, in this line, set off a perpen- 
dicular to DB, and continue it to a point E, in 
the line of CB. Measure DE and also DA. 
AC X AD 



ThenisAE = 



DE — AC 
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(194) By Parallels. From A measure 
AC, in any convenient direction. Prom a 
point D, in the line of BO, measure a line 
parallel to C A, to a point E, in the line of 
AE. Measure also AE. 



Then is AB : 



_ AC X AE 
"DE — AC' 



(195) By a Parallelftgram. Set a stake, 0, 
in the line of A and B, and set another stake, J), 
wherever convenient. With a distance equal to 
CD, describe from A, an arc on the ground ; and, 
with a di8ta,nee equal to AC, describe another 
arc from D, intersecting the first arc in E. Or, 
take AC and CD, so that together tkey make 
one chain ; fix the ends of the chain at A and D ; n 
take hold of the chain at such a link, that one part of it equals AC, 
and the other CD, and draw it tight to fix the point E. Set a 
stake at F, in the intersection of AE and DE. Measure AE and 
_ AC X AP . _ ^^ AC X CD 




EF. Then is AE = 



; or, CB = 



EF 



(196) By Symmetrical Triangles. 

Let AB be the required distance. From 
A measure a line, in any convenient di- 
rection, as AC, and measure onward, in . 
the same direction, till CD = AC. Take 
any point E in the line of A and B. 
Measure from E to C, and onward in the 
same line, tiU CF = CE. Then find by 
trial a point G, which shall be at the 
same time in the line of C and B, and in ^' 
the line of D and F. Measure the distance from G to D, and it 
will be equal to the required distance from A to E. If more eon- 
venient, make CD=:^AC, and CF= JCE, as shown by the 
finely dotted lines in the.figure. Then will DG = ^ AB, 
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(197) Otherwise : Prolong BA to f'g lai 

some poiat C. Range out any con- _^ — ~^^a^^& 

venient line CA', and measnre CA' =: ^T^ 

OA. The triangle CA'B, ia now io be ^bs>- ~ ^-~^ 

reproduced in a s^metrical triangle, 

situated on the accessible ground- b^^ — j, ° 

For this object, take, on AC, some point '^~~~Ti' 

D, and measure CD' = CD. Find the C 

point E, at the intersection of AD' and AT), Find the point P, 

at the intersection of A'B and CE. Lastly, find the point E', at 

the intersection of AF and CA'. Then wUl A'B' = AB. The 

symmetrical points have corresponding letters affixed to them. 

(198) By transversals. Set a stake, C, ^>s- '32-^ 
in the alinement of BA; a second, D, at any 
convenient point ; a third, E, in the line CD; 
and a fourth, F, at the intersection of the 
alinements of DA and EE. Measure AC, 
CE, ED, DF and FA. Then ia 
AB — AC X AF X PE 

~CE X DF — AP X DE' 

If the point E be taken in the middle of CD, (as it i 

C MV A T> AC X AF 
figure) then AB = pp _ ^p - 

If the point F be taken in the middle of AD, then AB = ■ — ■- ^= . 
The mmus signs must be interpreted as inArt, (174)- 

(199) By taarmonic divisioD. Set 

stakes, and D, on each side of A, and 

so that the three are in the same straight 

line. Set a third stake at any pomt, E, 

of the hue AB. Set a fourth, F, at the 

intersection of CB and DE ; and a fifth, /' "'.4:^'' \ 

Q, at the intersection of DB and CB. /',,'-'' ' '"'■-•.,^ \ 

Set a sixth stake, H, at the intersection '' ^ iC ~^ 

ofABandFG. Measure AE and EH. Then ia AB = ^J^ti 
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(2»0) To an inacce^We line. The Fig. 134. 

shortest distance, CD, from a given point, ^ — — 'b 

G, to an inaccessible straight hne AE, is ~^ 

required. Trom C let faJl a perpendicular (_ 

to AE, by the method of Art. (158). jj 

Then set a stake at any point, E, on the e 

line AC; set a second, F, at the inter- 
section of EB and CD ; a third, G, at p 
the intersectjon of AF and CB ; and a fourth, Hj at the intcrsee- 
laon of EG and CD. Measure CII and HF. Then is 
„^ CHxCP ^j. p„ CH+HF ^^ GHxCF 
^^ = CHUHF ' ^■^' ^^=^^^ ■ OHUffi? ' "'' ^" = 2CH=rcF 

OfJierwise ; When the inaccessible line is determined by the 
method of Art. (205) or (206), the distance from any point to it, 
can be at once measured to its symmetrical representatire. 

(201) To an inaccessible intersection. When two lines (aa 
AB,CD,intiicfigure) mcctina F'g iS-- 

. buildmg, or any other j^ 

sible point, the distance r * 

from any point of either to their \,^^ \ ~jfe'^ 

intersection, DE, for example, J^"0 ^^ S: 

may be found thus. Prom any ^-^^"^ V ^^^a= 

point B, on one line, measure ^.^-^Y^ ^ 

ED, and continue it, til! DP = DB. From any other point, G, 
of the former lino, measure GD, and continue tlie hne fill DH= GD. 
Continue HF to meet DO in some point K, Measure KD. KD 
will be equal to the desired distance DE. 

BE can be found by measuring FK, which is equal to it. 

If DF and DH, be made respectively equal to one-half, or one- 
tlurd, &e., of DB and DG, then will KD and KF be respectively 
equal to one-half or one-third, &c., of DE and BE. 
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C. mim BOTH ENDS OP THE LINE ARE INACCESSIBLE. 

(202) By similar triangles. Let AB ^"'s- i^s. 

be tlie inaccessible distance. Set a stake at ^ 
any convenient point 0, and find the diatan- 
eea CA and CE, by any of the methods just 
^ven. Set a second stake at any point, D, 
on the line-CA. Meaaure a distance, equal 



OB X CD 



DE. Then is AB = 



from C, on the 1 

AC X : 



B CE, to some point 



CD 



If more convenient, measure CD m the 
contrary direction from the river, aa in Fig. 
137, instead of towarda it, and in otiier re- 
s before. 



(203) By parallels. Let AB he the in- 
accessible distance. From any point, aa C, 
range out a parallel to AB, as in Art, (165), 
&c. Find the distance CA, by Art. (191), 
&c. Set a stake at the point E, the inter- 
section of CA and DB, and measure CE, 
_ 0D X (AC — OE) 




Then is AB = 



CE 



(201) By a parallelogram. Set 

a stake at any convement point C. 
Set stakes B and E, 
ihe almements CA and CB. With 
D as a centre, and a length of the 
chajn equal to CE, describe an arc ; 
and -wltli E as a centre, and a length 
of the chain eq^ual to CD, describe another arc, intersecting the 
former one at F. A parallelogram, CDEF, will thus he formed. 
Set stakes at G- and H, where the alinements DB and EA inter- 
sect the sides of this parallelogram. Measure CD, DF, GF, FH, 
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and HG. The inaccessilile distance AE = 
If CD = CE, then AB = ^^,° ^^f: 



[part II. 
CD X DF X GH 



(205) By symmetrical triangles. Take any convement point, 

as C. Set stakes at two other f u 
points, D and D', in the s-ime 
line, and at equal distancea 
from C. Take a point E, m 

the line of AD; measure fiom d . 

it to C, and onward till GE t-c^ \ e 

= CE. Take a point 1 m e^\ f ' 

the line of BD ; measure from / •■ \ ,\^ 

it to C, and onward till CF' — / ,'iix\ 

CF. Range out the lines AC / ,'' '"-Os 

and E'D', and set a stake at // '"n^^ 

their intersection, A', Range ^ '- — - — -^ — ~- — ~^A 

out the lines BC and F'D', and set a stake at their intersection, 
B'. Measure A'B'. It will he equal to the desired distance AB. 



(206) Otherwise : T ke 
any convenient point, as C 
and set o£F equal distane 
on each side of it, ii tl e e=. 
line of CA, to D and D'. Set 
off the same distances f om 
C, in the line of CB, to E an 1 
E'. Through C, set t a 
parallel to DE, or D'E', and 
set stakes at the points F 
and F' where this parallel 

intersects AE' and BD'. B''^ ~ 

Range out £he lines AD' and EF', and set a stake at their i 
section A'. Range out the lines BE' and DF, and set a stal 
theh intersection B'. Measure A'B', and it will he equal ti 
desired distance AB. 



E'>^- 
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The easiest method of setting out the parallel in the above case, 
ia to fix the middle of the chain at the point C, and its ends on the 
lifles CD, CE' ; then c&rrj iho middle of the chain from C towards 
F, and mark the point to which it reaches ; and repeat this on the 
other side of C, as shown by the finely dotted lines in the figure. 

INACCESSIBLE AREAS. 
(207) TriaiigEes. In the case of a triangular field, in which 



ene side cannot be measured, or determined by any of the methoda 
just ^ven, the two accessible sides may be prolonged to their full 
length, and an equal symmetrical triangle formed, all of whose sides 
can be measured. Thus in Eig, 102, page 103, if CDE be the 
ori^al triangle, of which the side EC is inaccessible, DFP will be 
equal to it. But if this also be jmpc^aible por f" o i^ ' 

tionsof thesidesmay bemeasured,a8AD,AE, B \ ^fe' -, ,. 
in the figure in the margin, and also DE, aaid \^^ I 
the area of this triangle found by any ot the ^ —l-^ 

methods which have been given. Then is the 
desired area of the triangle ABC = area of 
(AG 



.y. 



ADE : 



AP X AE' 



(208) Qnadrtlatcrals. In the case 
of a foiussided field, whose sides cannot 
be measured, or prolonged, but whose 
diagonals can be measured, the area 
may be obtained thua. Measure the 
diagonals AC and ED ; and also the 
portions AE, EC, into which one of 
them is divided by the other. Calcu- 
late tiie area of the triangle ECE, by the precedmg method, oi any 
of those heretofore given. Then the area of the fiuadnlateral 




AECD^areaofBCE X 



AC xBD 
■ BE X CE" 



(209) Polys?ons. Methoda for obtaining the areas of inac- 
cessible fields of more than four sides, have been given in Arts. 
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COMPASS SURVEYING; 

By the Third Method 

CHAPTER I. 

AiVeCLAR SURTEVING IN GEKERAL. 

(210) Angular Surveying determines the relative positions of 
points, and therefore of lines, on tho Tihrd principle, as ex- 
plained in Art. (7), whieii should now be referred to. 

(211) When the two linea which form an angle lie in the tfamo 
horizontal or level plane, the angle is called a hvri^ontal anylfi* 

When these lines lie in a plane perpendicular to the former, the 
angle is called a vertical <.mgh. 

When one of the lines is horizontal and the other line from the 
eye of the observer passes above the former, and in the same ver- 
tical plane, the angle is called an angle of elevation. 

When the latter line passes below the horizontal line, and in the 
same vertical plane, the angle is called an angle of depression. 

When the two hnes which form an angle, lie in other planes 
which make oblii;iue angles with cafih of the former planes, the 
angle is called an oblique angle. 

Horizontal angle? are the only angles employed in common land 



* A plane ia said lo be JtoH^ifnialj ov levels when it ia parallel lo llio fiurfaue of 
Btaadiiig water, or perpeiidiculttr lo a plumb-line. A line is borizoiital when it 
lies in a horiaoiital plane, 
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(212) The angles between the directions of two lines, which it 
is necessary to measure, may be obtained by a great variety of in- 
struments. All of them are in substance mere modifications of the 
veiy simple one wbicb will now be described, and which any one 
can make for himself. 



(213) Provide a circular piece of 
wood, and divide its circumference 
(by any of the methods of Geometri- 
cal Drafting) into three hundred and 
sixty equal parts, or " Degrees," and 
number them as in the figure. The 
divisions will he like th<«e of a watch 
face, hut sis times as many. These 
diviaons are termed graduations. 
The figure shows only every fifteenth 
one. In the centre of the circle, 
fix a needle, or sharp-pointed wire, and upon this fix a straight 
stick, or thin ruler placed edge-wise, (called an alidade), so that 
it may turn freely on this point and nearly touch the graduations 
of the circle. Fast«n the circle on a staff, pointed at the other end, 
and long enough to bring the alidade to the height of the eyes. 
The instrument is now complete. It may be called a G-oniometer, 
or Angle-measure r. 





(214) Now let it be required to measure r's- ^*->- 

the angle between the hues AB and AC. Fix 
the staff in the ground, so that its centre shall 
be exactly over the intersection of the two 
lines. Turn the alidade, so that it points, (ae 
determined by sighting along it) to a rod, or 
o&er mark at B, a point on one of the linos, and note what degree 
it covers, i. e. " The Reading." Then, without disturbing the 
circle, turn the alidade till it points to C, a point on the other line. 
Note the new reading. The difference of these readmgs, (in the 
figure, 45 degrees), is the difference in the directions of the two 
lines, or is the angle which one makes with the other. If the dis- 
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tance from A to C be noir measured, the point C is " determined," 
wth respect to tlie points A and B, on the Third Ptinciple. Any 
number of points ma/ be thias determined. 

(215) Instead of the very simple and rude alidade, wliieh has 
been supposed to bo used, needles may be fixed on each end of the 
alidade; or sights may be added, such as those described in Art. 
(103) ; or a small straiglit tube may be used, one end being cover- 
ed vfith a piece of pasteboard in which a very small eye hole is 
pierced, and threads, called " cross-hairs," being streteii- ^"'s- i^e, 
ed across the other end of it, as in the figure ; so that @ f£) 
their intersection may give a more precise line for determining the 
direction of any point. 

(216) When a telescope is substituted for this tube, and sup- 
ported in such a way that it can turn over, so as to look both back- 
wards and forwards, the instrument (with various other additions, 
which however do not affect the principle) , is called the Engineer's 
Transit. 

With the addition of a level, and a vertical circle, for measuring 
vertical angles, the instrument becomes a Theodolite; in which, 
however, the telescope does not usually admit of being turned over. 

(217) The Compass difiera from the instruments which have 
been described, in the following respect. They all measure the 
angle which one line makes with another. The compass measures 
tie angle which each of these lines makes with a third line, viz ; 
that shown by the magnetic needle, which always pointe (approxi- 
mately) hi the same direction, i. e. North and South, Fig. i^i"- 

in the Magnetic Meridian. Thus, in the figure, the 
line AB makes an angle of 30 degrees with the line 
AN, and the line AC makes an angle of 75 de- 
grees with AN. The difference of these angles, 
or 45 degrees, is the angle which AC makes \ 
with AB, agreemg with the result obtained in 
Art (214). 

S 



^S'i.^a 
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(218) Surveying with the compass is, therefore, a less direct 
operation than suirejing with the Transit or Theodolite. But as 
the use of the compass is much more rapid aad easy (only one sight 
and readmg at each station being necessary, instead of two, as in 
the former case), for this reason, as Trell as for its smaller cost, it 
is the instrument most commonly employed in land surveying in 
this country, in spit« of its imperfections and inaccuracies. 

As many may wish to leam " Surveying with the Compass," 
mthout being obliged to previously iearn " Surveying witb the 
Transit," (which properly, being more simpie in principle, though 
less 30 in practice, should precede it, hut which will be considered 
in Part IV), we will first take up Compass Surveying, 

(219) Angular Surveying in general, and therefore Compass 
Surveying, may employ either of the 3d, 4th and 5th methods of 
determining the position of a point, given in Part I ; that is, any 
instrument which measures angles may be employed for Polar, 
THangular, or Trilinear Surveying, The first of these. Polar 
Surveying, is the one most commonly adopted for the compass, and 
is therefore the one which will be specially explained in this part. 

The same method, as employed with the Transit and Theodolite, 
will be explained in the following part. 

The 4th and 5th methods will be esplamed in the next two parts, 

(220) The method of Polar Suroeying embraces two minor 
methods. The most usual one consists in going around the field 
with the instrument, setting it at each corner and measuring there 
the angle which each side makes mth its neighbor, as well as the 
length of each side. This method is called by the French the me- 
thod of Oheminement. It has no special name in English, but may 
be called (from the American verb. To progress), the Method of 
Progression. The other system, the Method of Radiatwn, con- 
fflsts in setting the instrument at one point, and thence measuring 
the direction and distance of each comer of the field, or other 
object. The corresponding name of what we have called Triangu- 
lar Surveying is the Method of Intersections ; since it determines 
points by the intersections of straight lines. 
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CHAPTER II. 

THE COMPASS. 

(221) The iVcedle. The moat essential part of the compass is 
the magnetic needle. It is a slender bar of steel, usually five or 
six inches long, strongly magnetized, and balanced on a pivot, so 
that it may turn freely, and thus he enabled to continue pointing 
in the same direction (that of ttie " Magnetic Meridian" approa- 
mately North and South) however much the " Compass Box," to 
which the pivot is attached, may he turned around. 

As it is important that the needle should move with the least 
possible friction, the pivot should he of the hardest steel ground to 
a very sharp point ; and in the centre of the needle, which is to 
rest on the pivot, should he inserted a cap of agate, or other hard 
material. Iridium for the pivot, and raby for the cap, are still 
better. 

If the needle lie balanced on its pivot before being magnetized, 
one end will sink, or " Dip," after the needle is magnetized. To 
bring it to a level, several coils of mre are wound around the nee- 
dle so that they can be slid along it, to adjust the weight of its two 
ends, and balance it more perfectly. 

The North end of the needle is usually cut into a more orna- 
mental form than the South end, for the sake of distinction. 

The principal requisites of a compass needle are, intensity of di- 
rective force and susceptibility. " Shear steel" was found by 
Capt. Katcr to bo the kind capable of receiving the greatest mag- 
netic force. The best fonn is that of a rhomboid, Fig 149, 
or lozenge, cut out in the middle, so as to dum- 
n^h the extent of surface in proportion to the 
mass, as it is the latter on which the directive force depends. Be- 
yond a certain limit, say five inches, no additional power is gained 
by increasing the length of the needle. On the contrary, longer 
ones are apt to have their strength diminished h^ several consecu- 
tive poles being formed. Short needles, made very hard, are 
therefore to be preferred. 
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The needle shouM not coine to rest very quickly. If it does, it 
indicates either that it is weakly magnetized, or that the friction on 
the pivot is great. Its sensitiveness is indicated by the number of 
vibrations which it makes in a small space before coming to rest. 

A screw, with a milled head, on the under side of the plate 
which supports the pivot, is used to raise the needle off this pivot, 
when the instrument is carried about, to prevent the point being 
dulled by unnecessary friction. 

(222) The SigbtSi Next after the needle, which ^ves the di- 
rection of the fixed line, whose angles with the lines to be survey- 
ed, are to be measured, should be noticed the Sights, which show 
the directions of tJiese last hnes. At each end of a line passing 
through the pivot is placed a " Sight," consisting of an upright bar 
of brass, with openings in it of various forms ; usually either slits, 
with a circular aperture at their top and bottom* ; or of the form 
described in Art. (106) ; all these arrangements being intended to 
enable the line of sight to be directed to any desired object, with 
precision, 

(223) A Telescope which can move up and down in a vertical 
plane, i. e. a plunging telescope, or one which can turn completely 
over, is sometimes substituted for the sights. It has the great 
advantage of giving more distinct vision at long distances, and of 
admitting of sights up and down very steep slopes. Its accuracy 
of vision is however rendered nugatoi7 by the want of precision in 
the readings of the needle. If a telescope is apphed to the com. 
pass, a graduated scale and index should also be added, thus cen- 
verting the compass into a "Transit." The Telescope mil be 
found minutely described in Part IV, " Transit Surveying." 

(224) The divided circle. We now have the means of indi- 
cating the directions of the two lines whose angle is to be measiu:- 
ed. The number of degrees contained in it is to be read from a 
circle, divided into degrees, in the centre of which is fixed the 

• An inalde anJ an outside view, or " Elevjitioii," of Biicli siglits, are given on 
each sido of the figure of llie Conipass, on page US. It is ilaolT drawn in ■' Mili- 
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jdvot bearing the needle. The graduations are usually made to 
half a degree, and a quarter of a degree or less can then be " esti- 
mated." The pivot and needle are sunk in a circular box, so tiiat 
its top may be on a level with the needle. The graduations are 
usually made on the top of the surrounding rim of the box, but' 
should also be continued down its inside circumference so that it may 
be easier to see with what division the ends of the needle coincide. 

The degrees are not numbered consecutively from O'' around to 
360^ ; but ran from 0° to 90°, both ways from the two diametri- 
cally opposite points at which a line, passing through the shta in the 
middle of the sights, would meet the divided circle. 

The lettering of' the Surveyor's Compass has one important dif- 
ference from that of the Mariner's Compass. 

When we stand facing the North, the East is on our right hand, 
and &e West on our left. The graduated card of the Mariner's 
Compass which is fastened to the needle, and turns with it, is 
marked accordingly. But, in the Surveyor's compass, one of the 
points being marked N, or North, (or indicated by a fle«r-de- 
lia,) and the opposite one S, or South, the 90-degreea-point on the 
riffht of this line, as you stand at the S end and look towards the 
N, is marked W, or West; and the left hand 90-degrees-point is, 
marked E, or East. The reason of this will be seen when the 
method of using the compass comes to be explained in the following 
chapter. 



(225) The Points. In or- 
dinary land surveying, only four 
points of the compass have 
names, viz ; North, South, East 
and West ; the direction of a 
line being described by the an- 
gle which it makes with a North 
and South line, to its East or to 
its West. But for nautical pur- 
poses, the circle of the compass 
is divided into 32 points, the 
names of winch are shoiTO in 




Hosted by 



Google 



130 



(JOiUPlSS SURTEVmG. 



[part III. 



the figure. Two rules embrace ail the cases. 1° When the 
letters indicating two points are joined together, the point half way 
between tbe two is meant ; thus, N. E. is half way between North 
and East ; and N. N. B. is half way between North and North 
East, 2° When the letters of two pointe arc joined together 
with the intermediate word hy, it indicates tlie point which comes 
next after the first, in going towards tlie second ; thus, N. by E, is 
the point which follows North in going towards the East ; 8. E. by 
S. is the next point from South East, going towards the South, 

(226) Eccentricity. The centre-pin, or pivot of the needle, 
ought to be exactly in the centre of the graduated circle ; the nee- 
dle ought to be strfMght ; and the line of the sights ought to pass 
exactly through this centre and through the points of the circle. 
If this is not the case, there will be an error in every observation. 
This is called the en-or of eecenirieity. 

When &.e maker of a compa^ is about to fix the pivot in place, 
he is in doubt of two thuigs ; whether the needle is perfectly strMght, 
and whether the pivot is exactly in the cen- 
tre. In figures 151 and 152, both of these 
are represented as being excessively in 
error. 

Firstly, to examine if the needle be p 
straight. Pix the pivot tempoiaiih-, ; 
that the ends of the needle may cut oppo- 
site degrees, i, e. degiees difiering by 
180O. The condition of things at this 
stage of progress, will be represented by 
Fig. 151. Then turn the compass-box 
half way around. The en-or will now be 
doubled, as is shown by Fig. 152, in which / 
the former position of the needle is indi- 
cated by a dotted line.* Now bend the ^ 
needle, as in Fig. 153, tiU it cuts divi- 
j between those cut by it in 



mpte of the fi-uilful i 
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ifa present and in its former position 
This makes it certain that the needle is 
straight, or that its two ends and its cen- 
tre lie in the same straight line. 

Secondly, to put tiie pivot in the cen- j 
tre. Move it till the straightened needle t 
cuts opposite divisions. It is then certain 
that the direction of the needle passes 
through the centre. Turn the compass 
box one-quarter around, and if the needle does not then cut oppo- 
site divisions, move the pivot till it does. Repeat the operation in 
various positions of the box. It will be a suffic ent t at if t ut 
the opposite divisions of O'^, 45° and 90*^. 

To fix the sights precisely ia line, draw a hair th ou^l tl e r si t. 
and move them till the hair passes over the p nts on the c le 

The surveyor can also examine for himself, by he \ nc pie ot 
Reversion, whether the line of the sights passes th ouj tl e cent e 
or not. Sight to any very near object. Read off tl e mbe of 
degrees indicated hy one end of the needle. Then t n tJ e c m- 
pass half around, and sight to the same object. If the t o ead 
inga do not agree, there is an error of eccentric ty an I the ar th 
metical mean, or half sum of the two readings ti e Tect one 

Fi;;. 151. F 





In Kg. 154, the line of sight AB is represented as passing to 
one side of the centre, and the needle as pointing to 46°. In Fig. 
155, the compass is supposed to have been turned half around and 
the other end of the sights to be directed to the same object. 
Suppose that the needle would have pointed to 45°, if the line of 
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fflght had passed thrOTigli fJiG centre. The needle will now point 
to 44°, the error being doubled by the reversion, and the true 
reading bemg the mean. 

This does not, however, make it certain that the line of the 
sights passes through the points, which can only be. tested by the 
hair, as mentioned above. 

(227) LeyelSi On the compass plate are two small spirit levels. 
They consist of glass tubes, shghtly curved upwards, and nearly 
filled with aJcohoI, leaving a bubble of air within them. They 
are so adjusted that when the bubbles are in the centres of the 
tubes, the plate of the compass shall be lerel. One of them lies in 
the direelion of the sights, and the other at right angles to this 
direction. 

(328) Tangent Scale. This is a convenient, though not essen- 
tial, addition to the compass, for the purpose of measumg the 
slopes of ground, so that the proper allowance in chaining may be 
made. In the figure of the compass, page 126, may be seen, on 
the edge of the left hand sight, a small projection of brass with a 
hole through it. On the edge of the other sight are engraved 
lines numbered from 0° to 20*^, the 0*^ being of the same height 
above the compass plate that the eye-hole is. To use this, set the 
compass at the bottom of a slope, and at the top set a signal of 
exactly the height of the eye-hole from the ground. Level the 
compass very carefully, particularly by the level which lies length- 
wise, and, with the cyo at the eye-hole, look to the signal and note 
the number of the division on the farther sight which is cut by the 
visual ray. Tliat will be the angle of the slope ; the distances of 
the engraved lines from the 0° line being tangents (for the radii^ 
equal to the distance between the sights) of the angles correspond- 
ing to the numbers of the lines. 

(229) f ernier. The compass box is connected with the plate, 
which carries it and the sights, so that it can turn around on this 
fiate. This motion is ^ven to it by a screw, (called a slow-mo- 
tion, or Tangent screw), the head of which is the nearest one in 
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the figure on page 126. If two marks be made opposite to each 
other, one on the projecting part of the compass box, and the other 
on the plate to which the sights are fastened, these marks will separ 
rate when the slow-molion screw is turned. Their distance apart 
(in angular measurement, i. e. fractions of a circle), in any poa- 
tion, is measured by a contrivance called a Vernier, which is the 
minutely divided arc of a circle seen between the left hand sight 
and the compass box. It will be better to defer explaining the 
mode of reading the vernier for the present, since it is rarely used 
with the compass, and an entire chapter will be ^ven to it in Part 
rV. Its principle is similar to that of the Vernier Scale, described 
in Art. (50)- Its applications in " Field-work " will be notdeed 
under that head. 



(230) Tiipod. The compass, like most surveying instruments, 
is usually supported on a Tripod, consisting of three legs, shod with 
iron, and so connected at top as to be movable in any direction. 
There are many forms 

of these. Lightness ^'^- '^^- ^'S" ^^'' 

and stiffness are the 
qualifies desired. The 
meet usual form is 
shewn in the figures 
of the Transit and the 
Theodolite, at the be- 
gJTining of Part IV. 
Of the two representr 
ed in Figs. 156 and 
157, the first has the 
advantage of being ve- 
ry easily and cheaply , 
made; and the second 
that of bemg Hght and 
yet capable of very firmly resisting horizontal torsion, 

The joints, by which the instrument is connected with the tripod, 
are also varioiis, I'ig. 158 is the " Ball-and-socket joint," most 
usual in this country. It takes its name from the ball, in which 
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Fis 15J Fig. 160. 




teniunites the ecveiel ijjmlle which enters a corresponding cavity 
under the eompaaa plate, and the socket in which this hall turns. 
It admits of motion in any direction, and can be tightened or loos- 
ened by turning the upper half of the hollow piece enclosing it, 
which is screwed on the lower half. Fig. 159 ia called the " Shell- 
joint." In it the two sheU-shaped pieces enclosing the ball are 
tightened by a thumb-screw. Pig. 160, ia " Cugnot's joint," It 
consists of two cylinders, placed at right angles to ea<ih other, and 
through the axes of which pass bolts, which turn freely in the cylin- 
der and can be tightened or loosened by thumb-screws at their 
ends. The combination of the two motions which this joint permits, 
enables the instrument ^hich it carries, to be placed in any desired 
position. This joint is much the most stable of the three. 

(231) Jacob's Staff, A single leg, called a " Jai'ob's Staif," 
has some advantages, as it is lighter to carry in the field, and can 
be made of any wood, on the spot where it is to be used, tim% sav- 
ing the expense of a tripod and the trouble of its tranepoitation 
Its upper end is fitted into the lower end of a biass heid which has 
a ball and socket joint, and axis above. Its lower end should be 
shod with iron, and a apike running through it is useful for pressing 
it into the ground with the foot. Of course it cannot be conven- 
iently used on frozen ground, or on pavements. It may, however, 
be set before or behind the spot at which the angle is to be mear 
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sured, provided that it is placed very precisely in tlie line of direc- 
tion from that station to the one to which a sight ia to be taken. 



(232) The Prismatic Compass. The peouliaritj of this instru- 
ment (often called Sclimalcalde^'a) ia that a glass triangular prism 
is substituted for one of the sights. Such a prism has this peculiar 
property that at the same time, it can be seen through, so that a 
sight can be taken through it, &ad that its upper surface reflects 
like a mirror, so that the numbers of the degrees immediately under 
it, can ho read off at the same time that a sight to any object is 
taken. An&ther peculiarity, necessary for profiting by the last 
one, is, that the divided circle ia not fixed, but is a card fastened 
to the needle and moving around with it, as in the Mariner's Com- 
pass. The minute description, which follows, is condensed from 
Simms. 

In the figure, A repre- i'>s- '"i. ^ 

seats the compass box, and 
B the card, which, being 
attached to the magnetic 
needle, moves as it moves, 
around the agate centre, 
a, on which it ia suspend- 
ed. The circumference 
of the card is usually di- 
vided to J or .1 of a de- 
gree, C is a prism, which - 
the observer looks through. 
The perpendicular thread 
of the aight-vane, E, and 
the divisions on the card, appear together on looking through the 
prism, and the division with -which the thread coincides, when the 
needle is at rest, ia the '' Bearing" of whatever object the thread 
may bisect, i. e, is the angle which the line of sight makes with (he 
direction of the needle. The prism is mounted with a hinge joint, 
D. The sight-vane has a fine thread stretched along its opening, 
ia the direction of its length, which ia brought to bisect any object, 
by turning the box around horizontally. F is a mirror, made to 
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slide on or off the sight-vane, E ; and it may be rerersed at plea- 
sure, that is, turned fa«e downwards ; it can also be inclined at 
any angle, by means of its joint, d ; and it will remain stationary 
on any part of the vane, by the friction of its slides. Its use ia to 
reflect the image of an object to the eye of an observer when the 
object is mueh above or below the horizontal plane. The colored 
glasses represented at G, are intended for observing the sun. At 
e, is shown a spring, which being pressed by the finger at the time 
of observation, and then released, cheeks the vibrations of the card, 
and brings it more speedily to rest. A stop is likewise fixed to 
the other side of the box, by which the needle may be thrown off 
ite centre. 

The method of using this mstrument is very simple. First raise 
the prism in its socket, h, until yon obtain a distinct view of the 
divisions on the card. Then, standing over the point where the 
angles are to be taken, hold the instrument to the eye, and, looking 
through the sHt, 0, turn around till the thread in the aight-vane 
bisects one of the objects whose bearing is required ; then by touch- 
ing the spring, e, bring the needle to rest, and the division on the 
card which coincides with the thread on the vane, will be the bear- 
ing of the object from the north or south points of the magnetic 
meridian. Then turn to any other object, and repeat the opera- 
tion ; the difference between the bearing of this object and that of 
the former, will be the angular distance of the objects ii 
Thus, suppose the former bearing to be 40° 30', and the 1 
10<^ 15', both east, or both west, 
from the north or south, the angle 
will be 30° 15'. The divisions are 
generally numbered 5°, 10°, 15°, 
&c, around tlie circle to 360°, 

The figures on the compass card f 
are reversed, or written upside 
down, as in the figure (in which 
only every fifteenth degree is mark- 
ed), because they are again re- 
versed by the prism. 
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(233) The prismatic compass is generally held in tie hand, tho 
bearing being caught, as it were, in passing ; but more accurate 
readings would of course be obtained if it rested on a support, such 
as a state cut flat on its top. 

In the former mode, the needle never comes completely to rest, 
particularly in the wind. In such cases, observe the extreme di- 
visions between which the needle vibrates, and take their arith- 
metical mean. 

(234) Defects of compass> Tbe compass is deficient in both 
precision and correctness,* 

The former defect aaises from the indefiniteness of its mode of 
indicating the part of the circle to which it points. The point of 
the needle has considerable thickness ; it cannot quite touch tie 
divided circle ; and these divisions are made only to whole or half 
degrees, though a fraction of a division may be estimated, or guessed 
at. The Vernier docs not much better this, as we shall see when 
explaining its use. Now an inaeeuracy of one quarter of a degree 
in an angle, i. e. in &e difference of the directions of two lines, 
causes them to separate from each other 5^ inches at the end of 
100 feet ; at the end of 1000 feet nearly 4^ feet ; and at the end 
of a mile, 23 feet. A difference of only one-tenth of a degree, or 
six minutes, would produce a difference of 1| feet at the end of 
1000 feet ; and 9^ feet at the distance of a mile. Such are the 
s which may result from the want of p-ecision in the in- 
s of the compass. 

But a more serious defect is the want of correctness in the com- 
pass. Its not pointing exactly to the true north does not indeed 
affect the correctness of the angles measured by it. But it does not 
point in the same or in a parallel direction, during even the same 
day, but changes its direction between sunrise and noon nearly a 
quarter of a degree, as will he fully explained in Chapter VHI, 
The effect of such a difference we have just seen. This direction 

* The student must not confonnd these two qualilies. To Bay that the 8iin ap- 
pears to riaa in the eaateni quarter of the heavens and tu set in the western, iH 
earrect, but not precise. A watch with a second hand indicates the lime of day 
precisely, but not always correctly. The statement that two and two make five, 
is precise, but is not usually regarded as correct. 
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may also be greatly altered in a moment, witlioiit tlie knowledge 
of the surveyor, by a piece of iron being brought near to the com- 
pass, or by aome other local attraction, aa will be noticed hereafter. 
This is the weak point in the compass. 

Notwithstanding these defects, the compass is a very valuable 
instrument, from its simplicity, rapidity and convenience in use ; 
and though never precise, and seldom correct, it is generally not 
very wrong. 



CHAPTER m. 

Tfl£ FIELD WORK. 

(233) Taking: Bearings. The " Bearing" of a line is the an- 
gle which it makes with the direction of the needle. Thus, in Fig. 
147, page 124, the angle NAB is the Bearing of the line AB, and 
NAC is the Bearing of AC. The Bearing and length of a line are 
named colleedvely the Omtrse. 

To take the Beai-ing of any hne, set the compass exactly over 
any point of it h^ a plumb-lino suspended from beneath the cen- 
tre of the compass, or, approximately, by dropping a stone. Level 
the compass by bringing the air bubbles to the middle of the level 
tubes. Direct the sights to a rod held truly vertical, or " phunb," 
at anothei pomt of the Imi. the moie distant the better The two 
ends oie us lally tiken '^ight to the lowest visible pomfc of the 
rod When tiie needle comes to lest, note what division on the 
cm:le it pomts to tiling t! e one mdicited by the Noith end of 
the needle if the Noith point on the ciicle ib farthest fi Jm you, 
and lice lersa 

In readm^ the dmsion to ^^luch one end of the needle points, 
(he eje should be pKced o^e^ the othei end to i^oil the error 
which might result from the "pirallax," oi appiient chmge of 
] aoo of tl t end il 1 1 ft ^m nhen looked at nbl [ucly 
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The bearing is read and recorded by noting between what letters 
the end of the needle cornea, and to what number ; naming, or 
writing down, firstly, that letter, N or S, which is at the 0° point 
nearest to that end of the needle from which you are reading ; 
secondly, the number of degrees to which it points, and thirdly, 
the letter, E or W, of the 90° point which is nearest to the same 
end of the needle. Thus, in the 
directed along a line, (the North 
point of the compass being most 
distant from the observer), the 
North end of the needle was at the 
point A, the hearing of the line 
sighted on, would be North 45*^ 
East ; if the end of tiie needle was 
■ at B, the bearing would be^osf/ if 
at C, S. 30° E ; if at D, South; if 
at E, S. 60° W ; if at P, West ; if 
at G, N. 60° W ; if at H, North. 




(236) We can no v nderita \ why W is on the right hand of 
the compass-box, an 1 B o tl e left Let the direction from the 
centre of the compasb to the po t ^'&- "'^^ 

B in the figure, be cj rel a I 
suppose the sights in the first place 
to be pointing in the du-ection of the 
needle, S N, and the North sight 
to be ahead. When the sights (and 
the circle to which they are fasten- 
ed) haye been turned so as to point 
in the direction of B, the point of 
the circle marked E, wiH have come round to the North end of the 
needle, (since the needle, remains immovable^ and the reading will 
therefore be " East," as it should be. The effect on the reading 
is the same as if the needle had moved to the left the same quEwitity 
which the sights have moved to the right, and the left side is there- 
fwe properly marlted " East," and vice verm. So, too, if the 
I the line to C be desired, half-way between North and 
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East, i. e. N. 45° E. ; when the sights and the circle have 
turned 45 degrees to tie right, the needle, really standing still, 
has apparently arrived at the point half-way between N. and E., 
i. e. N. 45° E. 

• Some stirveyors' compasses are marked the reverse of this, the 
E on the right and the W on tho left. These letters mnst then he 
reversed in the mind before the bearing is noted down. 

(237) Reading with Vernier. When the needle does not point 
precisely to one of the division marks on the circle, the fractional 
part of the smallest space is usually estimated by the eye, as has 
been explained. But this fractional part may he measured by the 
Vernier, described in Art. (229), as follows. Suppose the needle 
to point between N. 31° E. and N. 31^° E, Turn the tangent 
BCrew, which moves the compass-box, till the smaller division (in 
this case 31°) has come round to the needle. The Vernier will 
then indicate through what space the compass-box has moved, and 
tJierefore how much must be added to the reading of the needle. 
Suppose it indicates 10 minutes of a degree. Then the bearing is 
N, 31° 10' E, It is, however, so difficult to move the Vernier 
without disturbing the whole instrument, that this is seldom resorted 
to in praclice. The chief use of the Vernier is to set tho instru- 
ment for running lines and mating an allowance for the variation 
of the needle, as will he explained in t!ie proper place. A Vernier- 
are is sometimes attached to one end of the needle and carried 
around by it. 

(238) Practical Hints. Mark every station, or spot, at which 
the compass is set, by driving a stake, or digging up a sod, or piling 
up stones, or otherwise, so that it can be found if any error, or other 
cause, makes it necessary to repeat tho survey. 

Very often when tho line of which the bearing is required, is a 
fence, &c., the compass cannot be set upon it. In such cases, set 
the compass so that its centre is a foot or two from the line, and 
set the flag-staff at precisely the same distance from the Hue at the 
other end of it. Tho bearing of tho flag-staff from the compass 
will be the same as that of the fence, the two lines being parallel. 
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The distances should be measured on the real line. If more con- 
venient the compass may be set at some point on the line prolong- 
ed, or at some intermediate point of the line, " in line " between its 
extremities. 

In setting the compass level, it is more important to have it level 
crossways of the sights than in their direction ; since if it be not so, 
on looking up or down hill through the upper part of one sight and 
the lower part of the other, the hne of sight will not be parallel to 
the N and S, or zero Uric, on the compa^, and an incorrect bear- 
ing will therefore be obtained. 

The compass should not be levelled by the needle, as some books 
recommend, i. e. so levelled that the ends of the needle shall be at 
equal distances below the glass. The needle should be brought so 
originally by the maker, but if so adjusted in the morning, it will 
not be so at noon, owing to the daily variation in the dip. If 
then the compaas be levelled by it, the lines of sight will generally 
be more or less obhque, and therefore erroneous. If the needle 
touches the glass, when the compass is levelled, balance it by slid- 
ing the coil of wire along it. 

The same end of the compass should always go ahead. The 
North end is preferable. The South end will then he nearest to 
the observer. Attention to this and to the caution in the next 
paragraph, will prevent any confusion in the bearings. 

Always take the readings from the same end of the needle ; 
from the North end, if the North end of the compa^ goes ahead ; 
and vice versa. This is necessary, because the two ends will not 
always cut opposite degrees. With this precaution, however, the 
angle of two meeting lines can be obtained correctly from either 
end, provided the same one is used in taking the bearings of both 
the hues. 

Guard against a very frequent source 
of error witli beginners, in reading from 
the wrong number of the two between 
which the needle points, such as reading 
34° for 26°, in a ease tike that in the 
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Check tlie vibrations of the needle bj gently raising it off the 
pivot so as to touch the glass, and letting it down again, by the screw 
on the under side oi&e box. 

The compass sKouId be smartly tapped after the needle has 
settled, to destroy the effect of any adhegion to the pivot, or fric- 
tion of dust upon it. 

AH iron, such as the chain, &c., must be kept at a distance from 
the compass, or it will attract tlie needle, and cause it to deviate 
from its proper direction. 

The surveyor is sometimes troubled by tiie needle refusing to 
traverse and adhering to ttie glass of the compass, after he has 
briskly wiped this off with a silk handkerchief, or it has been car- 
ried so as to rub against his clothes. The cause is the electricity 
excited by the friction. It is at once discharged by applying a 
wet finger to the glass. 

A compass should be carried with its faee resting against the 
side of the suiTeyor, and one of the sights hooked over his arm. 

In distant surveys an extra centre pin should be carried, (as it 
is very liable to injury, and its perfection is most essential), and, 
also, an extra needle. When two such are carried, they should 
be placed so that the north pole of one rests against the south pole 
of the otter. 

(239) Wten the magnetism of the needle is lessened or destroy- 
ed by tune, it may be renewed as follows. Obtain two bar mag- 
nets. Provide a board with a hole to admit of the axis, so that its 
collar may fit fairly, and that the needle may rest flat on it, with- 
out bearing at the centre. Place the boai^d before you, with the 
north end of the needle to your right. Take a magnet in eaeh 
hand, the left holding the North end of the bar, or that which has 
the mark across, downwards ; and the right holding the same mark 
upwards. Bring the bars over the axis, about a foot above it, 
without approaching each other iivithin two inches: — bring them 
down vertically on the needle, (the marks as directed) about 
an inch on eaeh side of its axis ; slide them outwards to its ends 
wiftt slight pressure ; raise them up ; bring them to their former 
position, and repeat this a number of times. 
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(210) Back SigllfSi To test the accuracy of the bearing of a 
lino, taken at one end of it, set up the compass at tho other end, 
or point sighted to, and look back to a rod held at the firat station, 
or point where the compass had been placed originally. The read- 
ing of the needle should now be the same as before. 

If the position of the sights had been reversed, the reading 
would be the Reverse Bearing ; a formei- beai-ing of N, 30° E. 
would then be S. 30° W,, and so on. 

(241) Local attraction. If tho Baek-sight does not agree 
with the first or forward sight, this latter must be taken over again. 
If the same difference is again found, this shows that there is heal 
attraction at one of tlie stations; i. e. some iiafiuence, such as a 
mass of iron ore, ferruginous rocks, &c., under the surface, which 
attracts the needle, and makes it deviate from ita usual direction. 
Any high object, such as a house, a tree, &c., has recently been 
found to produce a similar effect. 

To discover at which station the attraction exists, set the com- 
pass at several intermediate points in the line which joins the two 
stations, and at points in the line prolonged, and take the bearing 
of the line at each of these points. The agreement of several of 
these bearings, taken at distant points, will prove their correctness. 
Oliienvise, set the compass at a third station; sight to each of the 
two doubtful ones, and then from them back to this third station. 
This will show which is correct. 

"When the difference occurs in a series of lines, such as around a 
field, or along a road, proceed fig- les. 

thus. Let C be the station at C^ ^ 

which the back-sight to E dif- - 
fers from the foresight from 



B to G. Smce the back-sight from B to A is supposed to have 
agreed with the foresight from A to B, the local attraction must be 
at C, aad the forward beaHng must be corrected by the difference 
just found between tho fore and back sights, adding or subtracting 
it, according to circumstances. An easy method is to draw a 
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figure for the case, as in Fig. 167. In i"<g- 167, 

it, suppose tbe true bearing of BO, as n'^ 

^ven by a fore-aigbt from B to C, to be 

N. 40° E., but that there is local atr 

traction at C, bo tbat tbe needle is drawn 

aside 10°, and points in tbe direction 

S'N', instead of SN. The back-^ight 

from C to B ivill then give a bearing 

of N. 50° E. ; a difFdrence, or corree- <i^ 

tion for the next fore-sight, of 10°. If the next fore-sigbt, from C 

to D, be N. 70° E, this 10° must be subtraoted from it, making 

the true fore-sight N. 60° E. 

A general rule may also be given. When the haek-Btght is 
greater than the foresight, as in this case, subtract the difference 
from tbe next fore-sight, if that course and the preceding one have 
both theii' letters the same (as in this case, both being N. and E.), 
or both their letters different ; or add the difference if either the 
fet or last letters of the two courses are different. When the 
lack-sight is less than i^e fore-sight, add the difference in the case 
in which it has just been directed to subtract it, and subtract it 
where it was before directed to add it, 

(242) Angles of deflection. When the compass indicates 
much local attraetion, the difference between the directions of 
two meeting Knes, (or the " angh of deflection " of one from the 
other), can still be correctly measured, by taking the difference of 
the bearings of the two lines, as observed at the same point. Eor, 
the error caused by the local attraction, whatever it may he, affects 
both bearings equally, inasmuch as a "Bearing" is the angle 
which a line makes with the direction of the needle, and that here 
remains fixed in some one direction, no matter what, during the 
taking of the two bearings. Thus, in Fig. 167, let the true bear- 
ing of EC, i. e. the angle which it maJces with the line SN, be, as 
before, N. 40° E., and that of CD N. 60° E. The true " angle 
of deflection" of these lines, or the angle B'CD,is therefore 20'^. 
Now, if local attraction at C causes the needle to point in the diree- 
S'N', 10° to the left of its proper direction, BC will bear N. 50° 
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E., and CD a. 70° E., and tlie difference of these bearings, i. e, 
the angle of deflection, will be tbe same as before. 



(243) Angles between Coorses. To determine tbe angle of 
deflection of two courses meeting at any point, tbe following simple 
rules, tbe reasons of ■whicb will appear from tbe : 
figures, are sufficient. 



Case 1. Wben tbe first letters of tbe 
bearing are alike, (i. e, both N. or botli 
S.), and tbe last letters also alike, (i. e. 
both E. or botb W.), take the difference 
of the bearings. Example. If AB bears vr- 
N. 30° E. and BC bears N. 10° E., the 
angle of deflection CBB' is 20°. 



Otae 2, When the first letters are 
alike and tbe last letters different ; take 
the sum of tbe bearings. JEx. If AB 
bears N. 40° E. and EC bears N. 20° 
W. ; the angle CBB' is 60°. 



Case 3. When the first letters are 
different and the last letters alike, sub- 
tract the sum of tbe bearings from 1 80°. 
Ex. If AB bears N. 30° E. and BO 
bears S. 40° E.; the angle CBB'isllO°. 
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Fig. 170. 




Case 4, Wton both the first and 
last letters are different, subtract the 
difference of the bearings from 180^. 
Hx. If AB hears S. 30° W. and BC w- 
beara N. 70° E. ; tlie angle CBB' is 
140°. 



jff the angles included between the courses are desired, 
they will be at once found by reverdng one bearing, and then ap- 
plying the above rules ; or by euhtracting the results obtained aa 
above from 180" ; or an analogous set of rules could be formed 
for them. 

(244) To chaDge Bearings, It is convenient in certain cal- 
culations io suppose one of tiie lines of a survey to change ita direc- 
tion so as to become due North and South ; that is, to become a 
new Meridian line. It is then necessary to determine what the 
bearings of the other lines will be, supposing them to change with 
it. The subject may be made plain by supposing the survey to be 
platted in the usual way, with the North uppermost, and the plat 
to be then turned around, till the line to be changed is in the de- 
sired direction. The effect of this on the other lines -mil be readily 
seen. A 0-eneral Rule can also be formed. 

Tate the difference between tiie original bearing of the side 
which becomes a Meridian and each of those hearings which have 
both their letters the same as it, or both different from it. Tho 
changed bearings of these lines retain the same letters as before, if 
they were originally greater than the original bearing of the new Me- 
ridian line ; but, if tbey were less, they arc thro^vn on tlie other side 
of the N. and S. tine, and their last letters are changed ; E. being 
put for W. and W for E. 

Take the sum of the original bearing of the new Meridian line, 
and each of those bearings which have one letter the same as one 
letter of the former bearing, and one different. If this sum exceeds 
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90°, this shews that the line is thrown on the other side of tha 
East or West point, and the difference between this snm and 180° 
will he the new hearing and the first letter will he changed, N, 
bemg put for S. and S. for N. 

Mxample. Let the Bearings of the sides of a field he as follows : 
N. 32° E. ; N. 80° E. ; S. 48° E. ; S. 18° W. ; N. 73^o W. ; 
North. Suppose the first side to become due Nortii ; the changed 
bearings will then be as follows : North ; N. 48° E. ; S. 80° E. ; 
S. 14p E. ; S 1i\° W , N 320 w. 

To apply the rule to the '• North" course, as above, it must be 
called N. 0° W , and then by the Kule, 32° must be added to it. 

The true beiimgs can of course be obtained from the changed 
bearings, by levor-ing the operation, taMng the sum instead of the 
difference, and vice versa. 



(24a) Line SurTcying;. This name may be ^ven to surveys 
of lines, such as the windings of a brook, the curves of a road, &c., 
by way of distinction from Farm Surveying, in which the lines 
surveyed enclose a space. 

To survey a hrook, or any amilar line, set the compass at, or 
near, one end of it, and ta,ke ffce bearing of an Jma^ary or 
visual line, running in the general average du-ection of the brook, 



such as AB in the figure. Measure this fine, takhig offsets to the 
various bends of the brook, as to the fence explained in Art.(ll5). 
Then set the compass at B, and take a back-sight to A, and if 
they agree, take a fore-sight to C, and proceed as before, noting 
particularly the points where the Ime crosses the brook. 

To survey a road, take the bearings and lengths of the fines 
Fig, 173. 
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■which can be most conveniently measurod in the road, and mea- 
sure offeeta on each side, to the outside of the road. 

When the hne of a new road is surveyed, the bearings and 
lengths of the various portions of its intended centre line should be 
measured, and the distance which it runs through each man's land 
should he noted. Stones should be set in the ground at recorded 
distances from each angle of the line, or in each line prolonged a 
known distance, so as not to be disturbed in making the road. 

In surveying a wide river, one bank may be surveyed by the 
method just given, and points on the opposite banks, as trees, &c., 
may be fixed by the method of intersections, founded on the Fourth 
Method of determining the position of a point ; and fully explained 
in Part IV. 

(246) Chects hj intersecting: bearings. At each station at 
which the compass is set, take hearings to some remarkable object, 
such as a church steeple, a distant house, a high tree, &e. At 
least three bearings should be taken to each object to make it of 
any use : since two are necessary to determine it, (by our Fourth 
Method), and, till thus determined, it can be no check. When 
the line is platted, by the methods to he explained in the next 
chapter, plat also the lines given by these bearings. If those taken 
to the same object from three different stations, intersect in the 
same point, this proves that there has been no mistake in the sur- 
vey or platting of those stations. 

If any bearing does not intersect a point fixed by previous bear- 
ings, it shows that there has been an error, either between the last 
station and one of those wMch fixed the point, or in the last beai> 
ing to the point. To discover which it was, plat the following line 
of the survey, and, at its extremity, set off the bearing from it to the 
point; and if the line thus platted passes through the point, it 
proves that there was no error in the line, but only in the bearing 
to the point. If otherwise, the error was somewhere in the line 
between the stations from which the bearings to that point were 
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(247) Keeping the FieW-notes. The simplest and easiest 
method for a be^ner is to mate a rough sketch of the survey by 
eye, and write down on the lines their hearings and lengths. 

Aq improvement on this is to actually lay down the precise bear- 
ings and lengths of the lines in the field-book in the manner to be 
explained in the chapter on Plattmg, Art. (269). 

(218) A second method is to draw a straight line up the page 
of the field-book, and to write on it the bearings and lengths of 
the lines. The only advantage of this method is that the line will 
not run oif the ade of the page, as it is apt to do in the preceding 
method, 

(249) A tJdrd method is to represent the line surveyed, by a 
double column, as in Part II, Chapter I, Art. (95), which should 
be now referred to. The bearings are written obliquely up the 
columns. At the end of each course, its length is written in the 
colunm, and a line drawn across it. Dotted lines are drawn across 
the colunm at any intermediate measurement. Ofeets are noted 
as explained in Art. (114). 

The intersection-bearings, described in Art. (246), should be 
entered in the field-book iifore the bearings of the line, in order 
to avoid mistakes of platting, in setting off the measured distances 
on the wrong line, 

(250) A fourth method is to write the Stations, Bearings, and 
Distances in three columns. This is compact, and has the advan- 
tage, when applied to farm surveying, of presenting a form suitable 
for the subsequent calculations of Content, but does not give facili- 
ties for noting offsets. 

Examples of these four methods are given in Art. (254) ; which 
contains the field-notes of the lines bounding a field. 

(231) lVew-¥ork Canal Maps. The foOowing is a description 
of the ori^nal maps of the survey of the line of the New-York Erie 
Canal, as published by the Canal Oonmiissioners. The figure 
represents a portion of such a map ; but, necessarily, with aJI its 
lines black ; red and blue lines being used on the real map. 
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" The Red Like described along the inner edge of the towing 
path is the hase line, upon which all the measurements in the direc- 
tion of the length of the canal were made. The bearings refer to 
the magnetic meridian at the time of the survey. The lengths of 
the several portions are inserted at the end of each, in chains and 
hnks. The offsets at each station are represented by red lines 
drawn across the canal in such a direction as to bisect the angles 
formed by the two contiguous portions of the red or base line, upon 
the towing path. The intermediate offsets are set off at right angles 
to the base line ; and the distances on both are given from it in 
links. The intermediate offsets are represented by red dotted lines, 
and the distances to them upon the base line are reckoned, in each 
case, from the last preceding station. The same is likewise done 
with the other distances upon the base line ; those to the Bridges 
being taken to the lines joining the nearest angles, or comer posts 
of their abutments; those to the Locks extending to the lines pass- 
ing through the centres of the two nearest quoin posts ; and tliose 
to the Aqueducts, to the faces of their abutments. l"he space 
enclosed by the Bloe Lines represents the portion embraced with- 
in the limits of the survey as belonging to the state ; and the names 
of the adjoining proprietors are given as they stood at the time of 
executing tho survey. Tho distances are projected upon a scale 
of two chains to the inch," 



(253) Farm Surveying. A farm, or field, or other space in- 
eluded within knoivn hues, is usually surveyed by the compass 
thus, Bo^n bj walking around the boundary lines, and setting 
stakes at all the corners, which the flag-man should specially note, 
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so that he may readily find tliem again. Then set the compass at 
any corner, and send tiie flag-man to the next comer. Take the 
bearing of the bounding line, running from comer to corner, which 
is usually a fence. Measure its length, taking ofeets if neceasaiy. 
Note where any other fence, or road, or other line, crosses or meets 
it, and take their bearings. Take the compass to the end of this 
first boanding line ; sight back, and if the back-sight agrees, take 
the hearmg and distance of the next bounding line ; and so proceed 
till you have got back to the point of starting. 

(253) Where speed is more important than accuracy in a sur- 
vey, whether of a line or a fann, the compass need be set only at 
every other station, taking a forward sight, from the 1st station to 
the 2d ; then setting the compass at the 3d station, taking a back- 
sight to the 2d station (but with the north point of the compass al- 
ways ahead), and a fore-sight to the 4th ; then going to the 5th, 
and so on. This is, however, not to be recommended. 

(234) FieW-notcs. The Field-notes of a Farm survey may be 
kept by any of the methods which have been described with refer- 
ence to a Line survey. Below are given the Field-notes of the 
same field recorded by eaeh of the methods. 
Fint Method. 
Fig. 175. 
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0(4) 
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0(2) 
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Third 

Method.' 
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Fourth MetJiod. 



<*> 



.(3)- 



STATIONS. 


BBARINOS. DISTANCES. 


1 
2 
3 

4 
5 


N. 360 E. 2.70 
N. SSJO E. 1.28 
S. 67° E. 2.22 
S. 34i°W. 3.65 
N.56J=W. 3.23 




(1> 

(255) The Field-notes of a field, in which offsets occur, may be 
most easily recorded by tlie Third Method ; as in Fig. 176. 

When the Field-notes are recoriJed by the Fourth Method, 
the ofiseta may be kept in a separate Table; in which the 1st 
column will contain the stations from which tlic measurements are 
made, the 2d column the distances at which they occur, the 3d 



a printed here, from typographical d 
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column the lengths of the ofisets, and the 4th column the side of 
IJie line, " Eight," or " Left," on which they lie. 

For calcnlation, four more columns may be added to the table, 
containing the intervals between the offsets ; the sums of the 
adjoining pairs ; and the products of the numbers in the two pre- 
ceding columns, separated into Right and Left, one being additive 
to the field, and the other subtractive. 

(256) Tests of accuracy. 1st. The chect of intersections de- 
scribed in Art. (246), may be employed to great advantage, when 
some conspicuous object near the centre of the farm can be seen 
from most of its comers. 

2iid, When the survey is platted, if the last course meets the 
starting point, it proves the work, and the survey is then said to 
" close," 

3d. Diagonal lines, running from comer to comer of the iarm, 
like the " Proof-lines" in Chain Surveying, may be measured and 
their bearings taken. When these are laid down on the plat, their 
meeting the points to which they had been measured, proves the 
work. 

4th, The only certain and precise test is, however, that by 
" Latitudes and Departures." This is fully explained in Chapter 
V, of this Part. 

(257) A very fallacious test is recommended by several writers 
on tins subject. It is a well-known proposition of Geometry, that 
in any figure bounded by straight lines, the sum of all the interior 
angles is equal to twice as many right angles, as the figure has ^des 
less two ; since the figure can be divided into that number of tri- 
angles. Hence this common rule. " Calculate [by the last para- 
graph of Art. (243)] the interior angles of the field or farm sur- 
veyed ; add them together, and if their sum equals twice as many 
right angles as the figure has sides less two, the angles have been 
correctly measured." This rule is not applicable to a compass sur- 
vey ; for, in Fig, 16T, page 144, the interior angle BCD wifi con- 
tain the same number of degrees (in that case 160°) whether the 
bearings of the ^des have been noted correctly, as being the 
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angles which they mate with NS — or incorrectly, as being the 
angles ivhich they make with N'S'. Thia rale would therefore 
prove the work in eitlier case. 

(258) Metbod of Radiation. A field may be surveyed from 
one station, either within it or without it, by taking the bearings and 
the distances from that point to each of- the comers of the field. 
These comers are then " determined," by the 3d method, Art. (7). 
This modification of that method, we named, m Art. (220), the 
Method of Radiation. AU our preceding surveys with the com- 
pass have been by the Metlwd of ProgreHsion. 

The compass may be set at one comer of the field, or at a point 
in one of its sides, and the same method of Radiation e 

This method is seldom nsed however, since, unlike the n 
of Progression, its operations are not checks upon each other. 

(259) Metliod of Intersection. A field may aJso he surveyed 
by measuring a iase line, either within it or without it, setting the 
compass at ea<!h end of the base line, and taking, from each end, 
the bearings of each comer of the field ; which will then be fixed 
and determined, by the 4th method, Art. (8). Thb mode of eur 
veying is the Method of Intersections, noticed in Art. (220)- It 
will be fully treated of in Part V, under the title of Triangular 
Surveying, 

(260) Running out old lines. The original surveys of lands 
m the older States of the American Union, were exceedingly defi- 
cient in precision. This arose from two principal causes ; the small 
value of land at the period of these surveys, and the want of skill 
in the surveyors. The efiect at the present day is frequent dissat^ 
isfaction and litigation. Lots sometames contain more acres than 
tliey were sold for, and sometimes less. Lines which are straight 
in the deed, and on the map, are found to be crooked on the 
ground. The recorded surveys of two adjoining farms often make 
one overlap the other, or lea,v6 a gore between them. The most 
difficult and delicate duty of the land-surveyor, is to run out these 
old boundary lines. In such cases, his first business is to find 
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monuments, stones, marked trees, stumps, or any other old " cor- 
ners," or landmarks. These are Ms starting points. The owners 
whose lands join at these corners shoiild agree on them. Old 
fences must generally he accepted by right of possession ; though 
Bach questions belong rather to the lawyer than to the sun'eyor.' 
His business is to mark ont on the ground the lines given in the 
deed. When the bounds are ^^en by compass-bearings, the sur- 
veyor must be reminded that these bearings are very far from being 
the same now as originally, having been chan^ng every year. 
The method of determining this important change, and of making 
the proper allowance, wilt be found in Chapter VIII, of this Part. 

(261) Town Sarreyliiff. Begm at the meeting of two or more 
of the principal streets, through which you can have the longest 
prospects. Having fixed the instrument at that point, and taken 
the bearings of all the streets issuing from it, measure all these lines 
with the chain, takmg ofisefs to all the comers of streets, Janes, 
bendmgs, or windings ; and to all remarkable objects, as churches, 
markets, pubhc buildings, &c. Then remove the instrument to 
the next street, take its bearings, and measure along the street as 
before, taking o^ets as you go along, with the ofFset^staff. Proceed 
in this manner from street to street, measuring the distances and 
offsets as you p 




" " In the description of land conveyed, the rule is, ftiat known and fixed roon- 
nments control courses and distances. So, the certainty of metes and bounds will 
inchide and pass nil the lands within Ihom, though they vaiy fi^om the given 
quantity expressed in tlie deed. In New-York, to remove, deface or alter land- 
Tii»i-ka maliciously 1 is an indictable offence."— Kfsl'f Commentories, IV, 515. 
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Thus, in the figure, fix the instrumeat at A, and measure lines 
in the du^ction of all the streets meeting there, noting their hear- 
mga ; then measure AB, notbg the streets at X, X. At the second 
station, B, take the hearings of all the streets which meet there ; 
and measure from B to C, noting the places and the bearinga of 
all the cross-streets as jou pass them. Proceed in like manner 
from to D, and from D to A, " closing" there, as in a farm sur- 
vey. Having thus surveyed all the principal streets in a particu- 
lar neighborhood, proceed then to survey the smaller intermediate 
streets, and last of all, the lanes, alleys, courts, yards, and every 
other place which it may be thought proper to represent in the 
plan. The several cross-streets answer as good check lines, to 
prove the accuracy of the work. In this manner you continue till 
you take in all the town or city. 

(262) Obstacles In Compass Surveyinff. The various obsta- 
cles which may be met with in Compass Surveying, such as woods, 
wat«r, houses, &c., can he overcome much more easily than in 
Chain Surveying. But as some of the best methods for effecting 
this involve principles which have not yet been fully developed, it 
will he better to postpone giving any of them, tU! they can be all 
treated of together ; which will be done in Part VII. 
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PLATTISG THE SFRVEY. 

(263) The platting of a survey made with the compass, consists 
in drawing on paper the lines and the angles which have been 
measured on the ground. The lines are drawn " to scale," as has 
been fully explained in Part I, Chapter III. The manner of plat^ 
ting angles was referred to in Art. (41), but its explanation has 
been reserved for this place. 

(264) With a Protractor. A Protractor is an inatrament 
made for this object, and is usually a semicircle of brass, as in the 
figure, with its semi-circumference divided into 180 equal parts, or 

Fig. 178. 




!, and numbered in both directions. It is, in fact, a mmiar 
ture of the instrument, (or of half of it), with which the angles 
have been measured. To lay off any angle at any point of a 
straight ImC; place the Protractor so that its straight side, the 
diameter of the semi-circle, is on the ^ven hne, and the middle of 
this diameter, which is marked by a notch, is at the given point. 
With a needle, or sharp pencil, make a mark on the paper at the 
required numher of degrees, and draw a line from the mark to the 
given point. 
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Sometimes tlie protractor has an arra turning on its centre, and 
extending beyond its circumference, so that a line can be at onec 
drawn by it when.it is set to the desired angle. A Vernier scale 
is sometimes added to it to increase its precision. 

A Rectangular Protractor is sometimes used, the divisions of 
degrees being engraved along three edges of a plane scale. The 
semi-circiJar one is preferable. The objection to the rectangular 
protractor is that the division corresponding to a degree is very 




unequal on different parte of the scale, being usually two or three 
times as great at its ends as at its middle. 

A Protractor embracing an entire circle, with arms carrying 
vcmiers, is also sometimes employed, for the sake of greater accu- 
racy. 



(265) Platting Bearings. Since "Bearings" taken with the 
Compass are tlie angles ivhieh the various lines make with the 
Magnetic Meridian, or the direction of the compass-needle, which, 
as we have seen, remains always (approximately) parallel to itself, 
it is necessary to draw these meridians through each station, before 
laying off the angles of the bearings. 

The T square, shown in Kg. 14, i'* the most convenient instru- 
ment for this purpcee. The paper on which the plat i^ to be made 
is fastened on the board so that the intended direction of the 
North and South line may be parallel to one of the sides of the 
board. The inner side of the stock of the T square being pressed 
against one of the other sides of the board and =!lid along, the edge 
of the long blade of the square will always be parallel to itself and 
to the first named side of the board, and will thus represent the 
meridian passing through any station. 
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If a straiglii^edgocl drawing 
board or table cannot be pro- 
cured, nail down on a table of 
any shape a straight-edged ru- 
ler, and slide along against it i 
tlie outside of the stock of a T / 
square, one side of the stock 
being flush with the blade. 

A paraOel ruler may also be 
used, one part of it being 
screwed down to the board in 
the proper position. | 

If none of these means are at hand, approximately parallel meri- 
dians may be drawn by the edges of a common ruler, at distunces 
apart equal to Its width, and the diameter of the protractor made 
il to thom by measuring equal distances behreen it and them. 




(266) To plat a survey with these instruments, mark, with a fine 
point enclosed in a circle, a convenient spot in the paper to repre- 
sent the first station, 1 in the figure. Its place must be so chosen 
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that the plat may not " run off" the paper. With tlie T square 
draw a meridian through it. The top of the paper is usually, 
though not necessarily, called North. With the protractor lay off 
the angle of the first hearing, as directed in Art. (264). Set off 
the length of the iirst line, to the desired scale, by Art. (42), from 
1 to 2. The line 1 2 represents the first course. 

Through 2, draw another meridian, lay off the angle of the 
second course, and set off the length of this course, from 2 to 3, 

Proceed in like manner for each course. When the last course is 
platted, it should end precisely at the starlmg pomt, as the survey 
did, if it were a closed survey, as of a field. If the plat does not 
" close," or " come together," it shows some error or inaccuracy 
either in the original aiirvey, if that have not been " tested" hy 
Latitudes and Departures, or in the work of platting. A method 
of correction is explained in Art. (268). The plat hero given is 
the same as that of Fig, 175, page 151. 

This maimer of laying down the directions of lines, by the angles 
which they make witb a meridian line, has a great advantage, in 
both accuracy and rapidity, over the method of platting lines by 
the angles which ea«h makes with the Ime which comes before it. 
In the latter method, any error in the direction of one line makes 
aU that follow it also wrong in their directions. In the former, the 
direction of each line is independent of the preceding line, though 
lis position would be changed by a previous error. 

Instead of drawing a meridian through each station, sometimes 
only one is drawn, near the middle of the sheet, and all the bear- 
ings of the survey are laid off from some one point of it, as shown 
in the figure, and numbered to correspond with the stations from 
which these bearings were taken. The circular protractor is conve- 
nient for this. They are then transferred to the places where 
they are vranted, by a triangle or other parallel ruler, as explained 
on page 27. The figure at the top of the next page represents 
the same field platted by this method. 

A semi-circular protractor is sometimes attached to the stock 
end of the T square, so (hat its blade may be set at any desired 
angle with the meridian, and any bearing be thus protracted with- 
out drawing a meridian. It has some inconveniences. 
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(287) The Compass itself m£ty be used to plat beaiings. For 
this purpose it must be attached to a square board bo that the N 
and S line of the compass box may be parallel to two opposite 
edges of the board. This is placed on the paper, and the box is 
turned till the needle points as it did when the first bearing ivas 
taken. Then a hue drawn by one edge of the board will be in a 
proper directioR. Mark off its length, and plat the next and the 
succeeding hearings in the same manner. 

(268) When the plat of a survey does not " close," it may be 
corrected as follows. Let rig. 183. 

ABODE be the boundary B- 

linea platted according to ^^^^~^'~'-~-~ c' 

tiie gjven bearings and 
distances, and suppose that 
the last coarse, comes to E, A<^^ 
instead of ending at A, as \ 
it should. Suppose also 
that there is no reason to 
suspect any single great 
error, and that no one of the lines was measured over very rough 
11 
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fas specially uncertain in ita direction (chen o 
The inaccuracy muat then be distributed among all the lines in 
proportion to their length. Each point in the figure, E, C, D, E, must 
be mored in a direefaon parallel to EA, by a certain distance which 
is obtained thus. Multiply the distance EA by the distance AE, 
and divide by the sum of all the courses. The quotient will be the 
distance BB'. To get CC, multiply EA by AB + BO, and divide 
the product by the same sum of all the courses. To get ED', mul- 
tiply EA by AE + BC + CD, and divide as before. So for any 
course, multiply by the sum of the lengths of that course and of all 
those preceding it, and divide aa before. Join the points thus 
obtained, and the closed polygon AB'C'D'A ivill thus be formed, 
and will be the most probahle plat of the ^ven survey,* 

The method of Latitudes and Departures, to be explained here- 
after, is, however, the best for effecting this object. 

(3fi9) Field Platting:. It is sometimes desirable to plat the 
courses of a survey in the field, as soon as they are taken, as was 
mentioned in Art. (247), under the head of " Keeping the Seld- 
aotes." One method of doing this is, is to have the paper of the 
Field-book ruled with parallel linea, at unequal distances apart, 



Fi^^ 184. 




and to use a rectangular pro- 
tractor (which may be made 
of Bristol-board, or other stout 
drawing paper,) with lines rul- 
ed across it at equal distances 
of some fraction of an inch. A 
bearing having been taken and 
noted, the protractor is laid on 
the paper and its centre placed at the station where the bearing is 
to be laid off. It is then turned till one of its cross-lines coincides 
with some one of the hues on the paper, which represent East and 
West lines. The long side of the protractor mil then be on a 
meridian and the proper angle (40° in the figure) can be at once 
marked off. The length of the course can also be set off by the 
equal spaces between the cross-lines, letting each space represent 
any convenient niunber of links. 

* ThU was ,}einoDsU-atcd by Br. Bowd^tch, in No. 4, of " The Aiialyst." 
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(270) A common rectangular protractor without any cross-lines, 
or a scnii-circTilar one, can also p;*, iss. 

be used for tho same purpose. 
The parallel lines on the paper 
(which, in this method, may 
he equi-clistant, as in common 
ruled writing paper) will now 
represent meridians. Place 
the centre of the protractor 
on the meridian nearest to the 
station at which the angle is to 
be laid off, and turn it till the 
^ren number of degrees is cut by the meridian. Slide the pro- 
tractor up or down the meridian (which must continue to pass 
through the centre and the proper degree) till its edge passes 
through the station, and then draw by this edge a line, which will 
have the bearing required. 



/ 



(271) Paper ruled into squares, (as are sometimes the right- 
hand pages of surveyors' field-books), may be used for platting 
bearings in the field. The lines running up the page may be called 
North and South lines, and those running across the page will then 
be East and West lines. Any course of tJie survey will bo the 
hypothenuse of a rightrangled triangle, and tiie ratio of its other 
two sides will determine the p 
angle. Thus, if the ratio of 
the two sides of the right-an- 
gled triangle, of which &e line 
AB in the figure is the hypofch- 
enuse, is 1, that line makes aa 
angle of 45° with the meridian. 
If the ratio of the long to the 
short side of the right-angled 
triangle of which the line AC 
is the hypothenuse, is 4 to 1, 
the line AC makes an angle 
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of 14° with the meridian. The line AB, the hypotiienuse of 
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equal triangle, which has its long side J}'ing East and West, makes 
likewise an angle of 14° with that side, and therefore makes an 
angle of 76° with the meridian.* 

To facilitate tlie use of this method, the following table has been 
prepared. 

TABLE FOR PLATTING BY SQUARES. 



a 




£ 




IT" 




1" 




K 




T 


1 


JUtioof 


fi 




i 


Raapot 


1^ 

If 




ll 


'."« 


i 


lo 


57.3 to 1 


ip 


16° 


3.49 to 1 


^ 


310 


1.664 to 1 


^ 


2° 


28.6 (0 1 


88° 




170 


3.27 to 1 


730 




320 


1.600 to 1 


580 


3° 


19.1 to 1 


87° 




180 


3.08 to 1 


72° 




33= 


1.540 to 1 


570 


40 


14.3 to 1 






19° 


2.90 10 1 


71° 




34» 


1.483 to 1 


56'= 


50 


11.4 to 1 


850 




20° 


2.75 to 1 


700 




36° 


1.428 to 1 


550 


6° 


9.5 to 1 


840 




210 


2.61 to 1 


69° 




36' 


1.376 to 1 


540 


70 


8.1 to 1 


830 




220 


2.48 to 1 


68^ 




37» 


1.327 to I 


53° 


8° 


7.1 to 1 


82° 




230 


2.36 to 1 


670 




38= 


1,280 to 1 


52° 


90 


6.3 to I 


81° 




24^ 


2.25 to 1 


660 




39= 


1.235 to 1 


51° 


10° 


5.7 to 1 


80° 




250 


2.14 to 1 


650 




40° 


1.192 to 1 


50° 


11° 


6.1 to 1 


790 




26° 


2.05 to 1 


640 




41= 


1.160 to 1 


490 


12° 


4.9 to 1 


78° 




270 


1.96 to 1 


63° 




42= 


1.111 to 1 


48° 


13° 


4.3 to 1 


770 




280 


1.88 to 1 


62° 




430 


1.072 to 1 


47° 


140 


4.0 to 1 


76° 




290 


1.80 to 1 


610 




440 


1.036 to 1 


46° 


15° 


3.7 to 1 


750 




30O 


1.73 to 1 


60^ 




450 


1.000 to 1 


450 



To use this table, find in it the ratio corresponding to the angie 
which you wish to plat. Then count, on the ruled paper, anj 
nunaber of squares to the right or to tho left of the point which 
represents the station, according as your bearing was East or West ; 
and count upward or downward accordmg as yonr bearing was North 
or South, the number of squares givea by multiplying the first num- 
ber by the ratio of the Table. Thus ; if the given bearing from A 
in the figure, was N. 20° E. and two squares were counted to the 
right, then 2 x 2.75 = 5^ squares, should be counted upward, to 
E, and AE would be the required course. 



(272) With a paper protractor. Engraved paper protractors 
may be obtained from the instrument-makers, and are very conve- 

" This and all Ihe following ralios may be obtained directly from Tiigononie- 
liical Tables ; for the ratio of the long side to tho shorl siile, the latter being 
laken aa unity, is the natural cotangent of tho anglp. 
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nient. A circle of large size, divided into degrees and quarters, 
is engraved on copper, and impressions from it are taken on draw- 
ing paper. The divisions are not immbcred. Draw a straight line 
to represent a meridian, through the centre of the circle, in any 
conveiuent direction. Number the degrees from to 90°, each 
way fixim the ends of this meridian, as on the compa^-plate. The 



Fig. 187. 




protractor is now ready for 
use. Choose a converuent 
point for the first station. 
Suppose the first hi 
be N. 30° B. The luie pass- 
ing through the centre of the 
circle and through the oppo- 
site points N. 30° E. and S. 
30° W. has the bearing re- 
quired. But it does not 

tlirougb the station 1. Transfer it thither by dra 
station 1 a line parallel to it, which will be the course required, its 
proper length being set off on it from 1 to 2. Now suppose the 
bearing from 2 to be S. 60° E. Draw through 2 a line parallel 
to the line passing through the centre of the circle and through 
the opposite pomta S. 60° E., and N. 60° W., and it will be the 
line desired. On it set off the proper length from 2 to 3, and so 
proceed. 

When the plat is completed, the engraved sheet is laid on a 
clean one, and the stations " pricked through," and the points thus 
obtained on the clean sheet are connected by straight lines. The 
pencilled plat is then rubbed off from the engraved sheet, which can 
be used for a great number of platJ^s. 

If the central circle be cut out, the plat, if not too large, can he 
made directly on the paper where it is to remain. 

The surveyor can make such a paper protractor for himself, m& 
great ease, by means of the Table of Chords at the end of this 
volume, the use of which is explained m Art. (275) . The engraved 
ones may have shrunk after being printed. 

Such a circle is sometimes drawn on the map itself. This will 
be particularly convenient if the bearings of any hues on the map. 
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not taken on the ground, are likelj to be required. If tlie map be 
very !ong, more tkan one may be needed. 

(273) Brawin^-Board Protractor. Such a divided circle, as 
has just been described, or a circular protractor, may be placed on 
a drawing board near its centre, and so that ita 0° and 90° lines 
ai'e parallel to the sides of the drawing board. Lines are then to 
be drawn, through the centre and opposite divisions, hy a iiiler 
long enough to reach the edges of the drawing board, on wliich 
they are to be cut in, and numbered. The dramng board thus 
becomes, in fact, a double rectangular protractor. A strip of 
white paper may have previously been pasted on the edges, or a 
nan-ow strip of white wood inlaid. When this is to be used for 
platting, a sheet of paper is put on the board as usual, and lines 
are drawn by a ruler laid across the 0° points and the 90° points, 
and the centre of the circle is at once found, and should be marked 
0. The bearings are tlien platted as m the last method. 

(274) With a scale of chords. On the plane scale contained 
in cases of mathematical drawing instruments will be found a series 
of divisions numbered from to 90, and marked CH, or C- 
J^^ it> 1 so lie of chords, and ^ves the lengths of the chorda of 
any arc foi a radius equal in length to the chord of 60° on the 
scale To lay off an angle with this scale, as for Fig. iss. 
e\imple tj draw a line making at A an angl 
of 40° with AB, take, in the dividers, the dis- '" 
tances trom to 60 on the scale of chords ; with 
this for radius and A for centre, describe an in- 
definite arc CD. Take the distance from to 
40 on the same scale, and set it off on the arc as 
a chord, from C to some point D. Join AD, and 
prolong it. BAE is tho angle required. 

The Sector, represented on page 36, supplies a modification of 
this method, sometimes more convenient. On each of its legs is 
a scale marked C, or CH. Open it at pleasure ; extend tlie com- 
pass from 60 to 60, one on each leg, and with this radius describe 
an arc. Then extend the compasses from 40 to 40, and the dls- 
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tance will be the chord of 40° to tliat radius. It can be set off as 
above. 

The smallness of the scale renders the method with a scale of 
chords practically deficient in exactness ; but it serves to illustrate 
the next and best method. 

('^T5) With a Table of chords. At the eud of this volume 
will be found a Table of the lengths of the chords of arcs for every 
degree and minute of the quadrant, calculated fur a radius equal 
tol. 

To use it, take in the compass^ one inch, one foot, or any other 
convenient distance (the longer the better) divided into tenths and 
hundredths, by a diagonal scale, or othorwiae. With this as radius 
describe an arc as in the last ca^e. Find in the table of chords 
the length of the chord of the desired angle. Take it from the 
scale just used, to the nearest decimal part which the scale will 
^ve. Set it off as a chord, as in tlie last figure, and join the point 
thus obtained to the starting point. This ^ves the angle desired. 
The superiority of this method to that which employs a protrac- 
tor, is due to the greater preciaon with which a straight line can 
be divided than can a circle. 

A slight modification of this method is to take in the compasses 
10 equal parts of any convenient length, inches, half inches, quar- 
ter inches, or any other at hand, and 'ivith this radius describe an 
arc as before, and set off a chord 10 times as great as the one 
found in the Table, i. e. ima^e the decimal point moved one 
place to the right. 

If the radius be 100 or 1000 equal parts, imagme the decimal 
point moved two, or three, places to the right. 

Whatever radius may be taken or gven, the product of that 

radius into a chord of the Table, will give the chord for that radius. 

This gives an easy and exact method of getting a right an^e ; 

by describing an arc with a radius of 1, and setting off a chord 

equal to 1.4142. 

If the angle to be constructed is more than 90°, construct on 
the other side of the ^ven point, upon the given line prolonged, an 
an^e equal to what the given angle wants of 180' ; i. e. its 
Sv/pplermrti, in the language of Trigonometry. 
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This same Table gives the means of measuring any angle. 
With the angular point for a centre, and 1, or 10, for a radius, 
describe an arc. Measure the length of the chord of the arc 
between the legs of the angle, find this length in the Table, and 
the angle corresponding to it is the one desired.* 

(276) With a TaWc of natural sines. In the absence of a 
Table of chords, heretofore rare, a table of natural sines, which can 
he found anywhere, may be used as a less convenient substitute. 
Since the chord of any angle equals twice the sine of half the 
angle, divide the ^ven angle by two ; find in the table the natural 
sine of this half angle ; double it, and the product is the chord of 
the whole angle. This can then be used precisely as was the 
chord in the preceding article. 

An ingenious modification of this method has been much used. 
Describe an arc from the given point as centre, as in the last two 
articles, but with a rai^us of 5 equal parts. Take, from a Table, 
the length of the natural sine of half the ^vcn angle to a radius of 
10. Set off this length as a chord on the arc just described, and 
join the point thus obtained to the given point.f 

(277) By Lalitndes and Departures. When the Latitudes 
and Departures of a survey have been obtained and corrected, (as 
explained m Chapter V), either to test its accuracy, or to obtain 
its content, they afford the easiest and best means of platting it. 
The description of this method will be given in Art. (285). 

• This Table will also serve to find t 

Multiply the giveu Bo^le by two ; find, i._ ._._ , 

angle; and balf of this chord will be I be natuml sine required. . _., 

uf any angle is egual to twice the sine of balf the angle. To find tbe coaijie, pro- 
ceed as above, with tlie angle which added to the given angle would make 9U°. 

Another use of this Table is to inscribe recular polygons in a circle by setting 
off the chords of tbe arcs wbich tbeir sides subtend. 

Still another use is to divide an arc or angle into any number of eqaa! parts, 
by setting off the fractional arc or angle. Fig, 189. 

t The reason of this is apparent from tbe 
^re. DE is the sine of half the angle 
BAC, to a radius of 10 equal paita, and 
BC ia the chord directed to be set off, to a 
radius of 5 equal parts. BO is equal to DB ! 
for BC == a,BF, by Trigonometry, and DB 
— 2.BF, by similar triangles ; hence BC = 
DB. 
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LATITUDES AND DEPARTrRES. 

(278) DcflnitionSi The Latitude of a point ia its distance 
North or South of some " Parallel of Latitude" or line rimning 
East or West. The LONanuDE of a point is its distance 
Eafit or West of some " Meridian" or line running North and 
South. In Compass-Survejing, the Magnetic Meriijian, i. e. the 
direction in which the Magoetie Needle points, is the line from 
which the Longitudes of points are measured, or reckoned. 

The distance which one end of a line is due Norfli or Soutli of 
tiie other end, is called the Difference of Latitude of the two ends 
of the line ; or its NortMng or Sou&ing ; or simply its Latitude. 

The distance which one end of the line ia due East or West of 
the odier, is here called the Difference of Longitude of the two 
ends of the line ; or its Easting or Westing ; or its Departure. 

Latitudes and Departures are the moat usual terms, and will he 
generally used hereafter, for the sake of brevity. 

This suhjeefc may be illustrated geographically, hy noticing that 
a traveller in going from New-York to Buffalo iu a strajght line, 
would go about 150 miles due north, and 250 miles due west. 
These distances would be the differences of Latitude and of Longi- 
tude between the two places, or his Northing and Westing. Re- 
turning from Buffalo to New- York, the same distances would he 
his Southing and Easting.* 

Li mathemalioal language, the operation of finding the Latitude 
ajid Longitude of a line from its Bearing and Length, would be 
called the transformation of Polar Co-ordinates into Rectangular 
Co-ordmates. It consists in determining, hy our Second Principle, 
the position of a point which had ori^nally been determined by 
the Third Principle. TTiira, in the figure, (which is the same as 

' It should be remembeved thai ihe following disciisaions of the Lalitudes aud 
Longitudes of the poims of a survey will not afwayE be fully applicable to those 
of distant places, such as tho cities just nanieJ, in cDHaequeitce of tbe surface of 
the earth not being a plane. 



Hosted by 



Google 



170 



COMPASS SBRTETISfi. 



[part I) 



that of Art. (9)), the point Sis detenniii- y ^^y 

ed by the angle SAC amd bj tlie djs- s 

tance AS. It is also determined by the ,--^ \ 

distances AC and CS, measured at rigbt ^'' \, 

angles to each other; and then, supposing -^ c 

CS to run due North and South, CS will be the Latitude, and AG 

the Departure of the line AS. 




(279) Calculation of Latitudes and Departures. Let AB 

be a given line, of which the length fig- mi. 

AB, and the hearing (or angle, BAC, 
which it makes with the Magnetic 
Meridian), are known. It is required 
to find the differences of Latitude and 
of Longitude between its two extremi- 
ties A and B : that is, to find AC and 
CB; or, what is the samo thing, ED ■vv^- 
and DA, 

It will be at once seen that AB is 
the hypothenuse of a right-angled tri- 
angle, in which the "Latitude" and the "Departure" are the sides 
about the right angle. We therefore know, from the principles of 
trigonometry, that 

AC = AB , cos. BAC, 
BC == AB . sm. BAC. 

Hence, to find the Latitude of any course, multiply the natural 
cosine of the bearing by the length of the course ; and to find the 
Departure of any course, multiply the natural sine of the bearing 
by the length of the course. 

If the course be Northerly, the Latitude wiU be North, and 
will be marked with the algebraic sign +,plu3, or additive; if 
it be Southerly, the Latitude will be South, and will be marked 
mth the algebraic sign — , minus, or subtraetive. 

If the course be Easterly, the Departure wiU be East, and 
marked +, or additive ; if the course be Westerly, the Departure 
will be West, and marked — , or sahtractive. 
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(280) Formulas. The rules of tlie preceding article may be 
i tlius 1 



Latitude = Distance x cos. Bearing, 
Departure = Distance x sin. Bearing.* 
From these formulas may he obtained others, by which, when 
any two of the above four things are given, the remaining two can 
be found. 

When the Bearing and Latitude are given ; 
Kstauce = ^^^ '^^ "^J.^^^ = Latitude X sec. of Bearing, 
Departure = Latitude x tang, of Bearing. 

When the Bearing and D&partttre are given ; 
Distance = ^.^'^^^J^!^ = Departure X cosec. Bearing, 
Latitude = Departure x eotamg. Bearing. 

When the Distance and Latitude are given ; 
Cos. Bearing = - ■ ' ■ ' " " , 

Departure = Latitude X tang. Bearing. 
When the Distance and Departure a/re given ; 
Sin. Bearing = - ^1 1 " — ™ 

Latitude = Departure X cotang. Bearing. 
When the Latitude and Departure are given ; 
Tang, of Bearing = J''°' - ^ - ° , 

Distance = Latitude X see. Bearing. 
Still more simply, any two of these three — Distance, Latitude 
and Departure — being ^ven, we have 

Distance = i/CLatitude^ + Departure^) 
Latitude = -/(Distance^ — Departure^) 
Departure = -/(Distance^ — Latitude^) 

(281) TraTersc TaWcs. The Latitude and Departure of any 
distance, for any bearing, could be found by the method given in 
Art. (2T9), with the aid of a table of Natural Sines. But to 
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facilitate these ealculations, which are of so frequent oeeurrenee 
and of 80 great use, Traverse Tables have heen prepared, ori^- 
ally for navigators, (whence the name Traverse), and suhsequently 
for surveyors." 

The Traverse Table at the end of this volume gives the Latitude 
and Departure for any hearing, to each quarter of a degree, and 
for distances from 1 to 9. 

To use it, find in it the number of degrees in the bearing, on 
the left hand side of the page, if it he less than 45°, or on the right 
hand side if it be more. The numbers on the same line running 
across the page,^ are the Latitudes and Departures for that bear- 
ing, and for the respective distances — 1, 2, 3, 4, 5, 6, 7, 8, 9, — 
which are at the top and bottom of the page, and which may 
represent chains, links, rods, feet, or any other unit. Thus, if the 
bearing be 15°, and the distance 1, the Latitude would be 0.966 
and the Departure 0.259. Tor the same bearing, but a distance 
of 8, the Latitude would be 7.727, and the Departure 2.071. 

Any distance, however great, can have its Latitude and Depar- 
ture readily obtained from this table ; since, for the same bearing, 
they are directly proportional to the distance, because of the simi- 
lar triangles which they form. Therefore, to find the Latitude or 
Departure for 60, multiply that for 6 by 10, which merely moves 
the decimal point one place to the right ; for 500, multiply the 
numbers found in the Table for 5, by 100, i. e. move the decimal 
point two places to the right, and so on. Merely moving the deci- 
mal point to the right, one, two, or more places, will therefore 
enable this Table to give the Latitude and Departure for any deci- 
mal multiple of the numbers in the Table. 

For compomid numbers, such as 873, it is only necessary to 
find separately the Latitudes and Departures of 800, of 70, and of 
3, and add them together. But this may be done, with scarcely 
imy risk of error, by the foUowhig simple rule. 

* The first Traverse Table for Suvveyors seems to have been published in 179J, 
by John Gale. The most extensive table is that of Capt. Boileau, of the BtitiHh 
army, being calcnlated for every minute of beating, and to five decimal places, 
for distances from 1 lo 10, The Table in this volume was calculated for it, and 
then compared with the one just meDtioned. 

+ In aaing this or any eirailar Table, lay a mler across the page, just above o: 
below the bne to be followed out. This is a very valuable mechanical --"-- 
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Write down the Latitude and Departure for the first figure of 
the given number, aa found in the Table, neglecting the decimal 
point ; write under them the Latitude and Departure of the second 
figure, setting them one place farther to the right ; under them 
write the Latitude and Departure of the thbd figure, setting them 
one place farther to the right, and so proceed with all the figures 
of the given number. Add up these Latitudes and Departures, 
and cut off the three right hand figures. The remaining figures 
will be the Latitude and Departure of the ^ven number in links, 
or chains, or feet, or whatever unit it was given in. 

For example ; let the Latitude and Departure of a course hav- 
ing a distance of 873 links, and a bearing of 20°, be required. In 
the Table find 20°, and then take out the Latitude and Departure 
for 8, 7 and 3, in turn, placing them as above directed, thus : 
Distances. Latitudes. Departures. 

800 7518 273t> 

70 6578 2394 

__3 2819 1026 

873 ~ 820.399 298.566 

Taking the nearest whole numbei^ and rejecting the decimals, 
we find the desired Latitude and Departure to be 820 and 299." 

When a occurs in the given number, the nest figure must be 
set two places to the right, the reason of which will appear from 
the following example, in which the is treated like any other 
number. 

Given a bearing of 35^, and a distance of §048 links. 
Distansen. Latitudes. Departures. 

3000 2457 1721 

000 0000 0000 

40 §277 2294 

8 6553 4589 

§048 2496.323 1748.529 

Here the Latitudes and Departures are 2496 and 1749 Irnks. 

* It is frequently doubtful, in many calculations, wlipn the final decimal is 5, 
whether to iiicreaae the preceding figure by one or not Thus, 43.5 may bo called 
43 or 44 with equal cori'cctneaa. It'ie better in auch caseE not lo increasB the 
whole number, ao as lo escape the litmble of changing the oviginai figure, and 
the increased chance of error. If, however, more than one auch a case occurs in 
the aame column to be added np, the larger and smaller nuntbsr should be taken 
alternately. 
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When the bearing is over 45°, the naraes of the coluums muat 
be read from the bottom of the page, the Latitude of any bearing, 
aa 50°, being the Departure of the complement of this bearing, or 
40°, and the Departure of 40° beingthe Latitude of 50°, &.c. The 
reason ofthis will be at once eeenoninspectingthe last figure, (page 
170), and imagining the East aod West line to become a Meri- 
dian. For, if AC be the magnetic meridian, as before, and there- 
fore EAC be the bearing of the course AB, then is AC the Lati- 
tude, and CB the Departure of tliat course. But if AE be the 
meridian and BAD (the complement of BAG) be the bearing, 
then is AD (which is equal to CB) the Latitude, and DB, (which 
is equal to AC), tiio Departure. ' 

As an example of this, let the bearing bo 63^", and the distance 
3469 links. Proceeding as before, ive have 

Distances. Latitudes. Departures. 



3000 


1350 


2679 


400 


1800 


3572 


60 


2701 


6358 


9 


4051 


8037 



3469. 1561.061 3097.817 

The required Latitude and Departure are 1561 and 3098 links. 
In the few cases occurring in Compasa-Survejing, in which the 
bearing is recorded as somewhere between the fractions of a degree 
^ven in the Table, its Latitude and Departure may be found by 
interpolation. Thus, if the bearing be 10g°, take the half sum of 
the Latitudes and Departures for 10^° ajid 10^°. If it be 10° 20', 
add one-third of the difference between the Lats. and Deps. for 
10| and for 10^°, to those opposite to 10^° ; and so in any similar 

The uses of this table are very varied. The principal appliear 

tions of it, which will now be explained, arc to Testing the aaca- 

rmy of surveys ; to Supplying omissions in them ; to Plotting 

ihetn, and to Galeulating ihdr content." 

• The Traverse Table admits of many oilier miiim- uses. Tlius, it may be used 
for solving, approximately, any right-angled triangle bj mere inspection, the 
bearing being taken for one of the acnta anales ; the Latitude being the aide ad- 
jacent, the Departn™ (be side opposite, and the Distance the hypotTienuee. Any 
two of these beiii- given, the others are given by the Table. The Table will 
therefore sei've to aiiow ibe Hliowanoe to he niaiie in chaining on slopes (see Art. 
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(282) Application to Testing a Survey, It is self-evident, 
that when the surveyor has gone completely around a field or 
farm, takmg the betwiiiga and distances of each boundary line, till 
he haa got back to the starthig point, that he has gone precisely 
as far South aa North, aad as far West as East. But the sum of 
the North Latitudes tells how far North he haa gone, and the sum 
of the South Latitudes how far South he has gone. Hence these 
two sums will be equal to each other, if the survey has been cor- 
rectly made. Li like manner, the sums of the East and of the 
West Departures must also be equal to each other. 

We will apply this principle to testing the accuracy of the sur- 
vey of which Kg. 1T5, page 151, is a phit. Prepare seven 
columns, and head them as below. Find the Latitude and Depar- 
ture of each course to the nearest link, and write them in their 
appropriate columns. Add up these columns. Then will the 
difference between the sums of the North and South Latitudes, 
and between the sums of the East and West Departures, indicate 
the degree of accuracy of the survey. 



STATION. 


BBAEING. 




LATITUDE. 


DBPAaTDRE. 




N. 


S. 


E. 


W. 


1 
2 
3 

i 

5 


N. 36° E. 
N. 831°B. 
S. 67° E. 
S. 34i° W. 
N.58J°W. 


2.70 
1.29 
2.22 
3.55 
3.23 


2.21 
.15 

1.78 


1.21 
2.93 


1.66 
1.28 
1.86 


2.00 
2.69 


4.14 


4.14 


4.69 


4.69 



The entire work of the above example is given below- 



2480 1G88 

4133 2814 

41.S3 2814 



270. 221.140 



(26)) ; for, look in the column of bearings for the slope of the ground, i. e. i 
angle it makea with the horizon, find the given distance, and the Latitude cor 
Bponding wili be the desired horizonlal meaeuremenC, and the difierence belwi 
it and the Dislanee will be the allowance to be made. 
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lis 994 56io 1656 2502 

226 1987 1104 1668 

1019 8942 1656 2502 

14.579 128.212 323. 178.296 269.882 



1089 1677 

1089 1677 



The nearest link is taken 
^1089 ^1677 ^ ^^ inserted in the Table, 

and the remaming Decimals 

222. 120.879 18G.147 are neglected. 

In the preceding example the respective sums were found to be 
exactly equal. This, however, will rarely occur in an extensive 
survey. If the difference he great, it indicates some mistake, and 
the survey must be repeated with greater care ; but if the differ- 
ence he small it indicates, not absolute errors, but only inaccura^ 
eies, unavoidable in surveys with the compass, and the survey may 
be accepted. 

How great a difference in the sums of the columns may be 
allowed, as not necessitating a new survey, is a dubious point. 
Some surveyors would admit a difference of 1 link for every 3 
chains in the sura of the courses : others only 1 link for every 10 
chains. One writer puts the limit at 5 links for each station ; 
another at 25 links in a survey of 100 acres. But every practical 
surveyor soon learns how near to an equality his instrument and 
his skill will enable him to come in ordinary cases, and can there- 
fore establish a standard for himself, by which he can judge whether 
the difference, in any survey of his own, is probably the result of 
jm error, or only of his customary degree of inaccuracy, two things 
to be very carefully distinguished.* 

(283) Application to supplying; omissions. Any two omis- 
sions in the Field-notes can he supplied by a proper use of the 
method of Latitudes and Departures ; . as will be explained in Part 
VII, which treats of " Obstacles to Measurement," under which 
head this subject most appropriately belongs. But a knowledge 
of the fact that any two omi^ions can be supplied, should not lead 
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Qie young surveyor to be negligent in making everj possible mea- 
surement, since an omission renders it necessary to assume all the 
notes taken to be correct, the means ef testing tbem do longer 



(284) Balancing a Surrey. The subsequent applications of 
this method require the survey to be previously Balanced. This 
operation conasts in correcting the Latitudes and Departures of 
the courses, so that their sums shall be equal, and thus " balance." 
This is usually done by distributmg the differences of the sums 
among the courses in proportion to their length ; saying, A» the 
sum of the lengths of all the courses Is to the whole difference of 
the Latitudes, So is the length of each course To the correction 
of its Latitude. A similar proportion corrects the Departures,* 

It is not often necessary to make the exact proportion, as the 
correction can usually be made, with sufScient accuracy, by noting 
how much per chain it should be, and correcting accordingly. 

Li the example given below, the differences have purposely been 
made considerable. The corrected Latitudes and Departures have 
been here inserted in four additional coluains, but in practice they 
should be written m red ink over the original Latitudes and 
Departures, and the latter crossed out with red ink. 



,x. 


......0. 


..„. 


l*t,™bk.. 


OEP'IHHKS. 


LATITUDES 


DE^P^r^UKKs" 


N.+ 


S.- 


B.+ 


W.-- 


N.+ 


B.— 


B.+ W.- 

2.00 

4.07 
6.26 


2 

3 
4 


s'asiB. 
N. ei w. 


4J0 
7.69 
7.13 


3.45 


,.5S 
6.53 


2*oa 


4.04 
B.23 


6.58 
3.47 


3.54 
6.51 




59is 


lO.OU 


IU.I)8 


10.40 




lO.OS 


10.{J.-> 


10.33 10.33 



The corrections are made by the followmg proportions. 



For the Latitiidea. 
!9.65 ; 10.63 
i9.65 : 4.10 
i9.65 : 7.69 
i9.65 : 7.13 



Fm' the Departures. 



8 : 1 
8 : 2 



• A dell 



n of this principle was 



29.66 : 10.63 

29.65 : 4.10 

29.65 : 7.69 

29.65 : 7.13 

.-en by Dr. Binviiitdi 
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Thia rale is not always to be strictly folloiyed. If one line of a 
survey has been measured over very uneven and rough ground, or 
if its bearing has been taken with an indistinct sight, while the 
other lines have been measured over level and clear ground, it is 
probable that most of the error has occurred on that line, and the 
correction should be chiefly made on its Latitude and Departure. 

If a slight change of the bearing of a long course will favor the 
Balancing, it should be so changed, since the compass is much 
more subject to error than the chain. So, too, if shortening any 
doubtful line will favor the Balancing, it should be done, since dis- 
tances are generally measured too long, 

(285) Application fo PlattJDj^. Rule three columns ; one for 
Stations ; the next for total Latitudes ; and the third for total De- 
partures. Fill the last two columns by beginning at any conven- 
ient station (the extreme East or West is best) and adding up 
(algebraically) tlie Latitudes of the foUowing stations, noticing 
that the South Latitudes are subtractive. Do the same for the 
Departures, observing thatthe Westerly ones are also subtractive. 

Taking the example given on page 175, Art. (282), and be^n- 
ning with Station 1, the following will be the results : 



.„. 


Vko*m3"*ti'o7i! 


"m","™"' 


I 

8 
4 
5 

1 


0.00 
+2.21 S. 
+2.36 N. 
+1.16 N. 
—1.78 S. 

0.00 


0.00 
+ 1.55 E. 
+2.83 E. 
+4.69 E. 
+2.69 E. 

0.00 



It "will be seen that the work proves itself, by tlic total 
Latitudes and Departures for Station 1, again coming out equal 
to zero. 

To use this table, draw a meridian through the point taken for 
Station 1, as in the figure on the following page. Set ofij upward 
from this, along the meridian, the Latitude, 221 links, to A, and 
from A, to the right perpendicularly, set off the Departure, 155 
links.* This gives the pomt 2. Join 1....2. From 1 again, set 



"This is most easily done with tl 
of the sides adjacenl lo the right an; 
the other sidu will tlicn be perpenJi 



of a ri^ht-uiiglod triangle, sliding one 
ong thel)1aile of the square, to wliicli 
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off, upward, 236 
licks, to B, and from 
B, to tJie right, per- 
pendicularly, set off 
283 links, which will 
fix the point 3, Join 
2... .3 ; and so pro- c 
ceed, setting off 
North Latitudes 
along the Meridian 
upwards, and South 
Latitudes along it 
downwards ; East 
Departm-ea perpen- 
dicularly to the right, 
and West Depar- 
tures perpendicularly to the left. 

The advantages of this method are its rapidity, ease and accu- 
racy ; the impossibility of any error in platting any one course 
affecting the following points ; and the certainty of the plat " com- 
ing together," if the Latitudes and Departures have been " Bal- 
anced." 
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CALCIILATIJVG THE CONTENT, 

(28fi) Methods, When a field has been platted, by what- 
ever method it may have been surveyed, its content can he obtained 
from its plafc by dividing it up into ti^anglea, and measuring on 
iho plat their bases and perpendiculars ; or by any of the other 
means explained in Part I, Chapter IV. 

But these are only approximate methods ; their degree of accuracy 
depending on the largeness of scale of the plat, and the skill of the 
draftsman. The invaluable method of Latitudes and Departures 
gives another means, perfectly accurate, and not requiring the 
previous preparation of a plat. It is sometimes called the Rectan- 
gular, or the Pennsylvania, or Bittcnhouse'a, method of calculation.' 

(287) Definitions, Imagine a Meridian line to pass tlirough 
the extreme East or West comer of a field. Aceordmg to the 
definitions estahlished in Chapter V, Art. (278), (and here reca- 
pitulated for convenience of reference), the perpendiculai" distance 
of each Station from that Meridian, is the Longitude of that Sta- 
tion ; additive, or plus, if East ; subtractive, or minus, if West. 
The distance of the middle of any line, such as a side of the 
field, from the Meridian, is called the Longitude of that side.f 
The difference of the Longitudes of the two ends of a line is called 
the Departure of that line. The difference of the Latitudes of the 
two ends of a line is called the Latitude of the Ime. 



iirially ihe s; 



determiue the areas of right lined figures u 
ago. 

t The phrase " Meridian Diatance," is g 
" Longimde"; but the analogy of" Dlffere 
of Lftlitude,'' HBaally but nnomalonsly united with the word " Departure," bor- 
rowed from Navigation, seeans to put beyond all question ihe propriety of the 
iunovadoD here introduced. 
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(288) Loi^itndcs. To give more deSniteness to the develop 
ment of this subject, the figure in the margi!! will be referred to, 
and may be conadered to represent any 3pa«e enclosed by straight 




Let NS be the Meridian passing through the extreme Westerly 
Station of the field ABODE. IVom Fig. m. 

the middle and ends of each aide 
draw perpendiculars to the Itleridi- 
aa. These perpendiculars will be 
the Longitudes and Departures of 
the respective aides. The Long- 
tude, FG, of the first course, AB, 
is evidently equal to half ita Depar- 
ture HB. The Longitude, JK, of 
the second course, BC, is equal to 
JL + LM + MK, or equal to the 
Longitude of the preceding course, 
plus half its Departure, plus half 
the Departure of the course itself. 
The Longitude, YZ, of some other 
course, as EA, taken anywhere, is 
equal to WX — VX — UV, or equal to the Longitude of the pre- 
ceding course, minus haJf its Departure, minus half the Departure 
of the course itself; i. e. equal to Hie Algebraic snia of ihcse three 
parts, remembering that Westerly/ Departures arc negative, and 
therefore to be subtracted when the directions are to make an 
Algebraie addition. 

To avoid fractions, it will be better to double each of the preced- 
ing expressions. We shall then have a 

GENERAL MULE FOR FINDING DOUBLE LONGITUDES. 

The DovMe 'Longitude of the first coubsb is equal to its De- 
jiortna-e. 

The Double Longitude of the SECOND COdRSE is equal to the 
Sovhle Longitude of the first e(mrse,2>lus the Departure of that 
course, plus the Departure of the second course. 

The Double Longitude of the third cottrse is equal to the 
Double Longitude of the second course, plus the Departure of tha', 
course, plus Me Departure of the course itself. 
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The Douhle Longitude of ant course is equal to the Double 
Longitude of the preceding course, plus the Departure of that 
course, plus the Departure of the course itself." 

The Double Lon^tude of tiie last course (as well as of the first) 
la equal to its Departure. Its " coining out" so, when obtained 
by the above rule, proves tJie accuracy of the calculation of all the 
preceding Double Longitudes. 



(289) Areas. We will now proceed to find the Area, or Con- 
tent of a field, by means of tfae "Double Longitudes" of its sides, 
which can be readily obtained by the precedmg rule, whatever their 
number. 



(290) Beginning with a three-sided field, ABC in the figure, draw 
a Meridian through A, and draw perpendi- i'"'8- 1^^- 

culars to it as in the last figure. It is 
plain that its content is equal to the differ- 
ence of the areas of the Trapezoid DBCE, 
and of tlie Triangles AED and ACE. 

The area of the Triangle AED is equal 
to the product of AD by half of DB, or to 
the product of AD by FG- ; i, e. equal to 
the product of the Latitude of the lat course 
by its Longitude. 

The area of the Trapezoid DBCE is equal 
to the product ofDE by half the sum of DB 
and CE, or by HJ ; i. e. to tlie product of 
the Latitude of the 2d course by its Lon^tude. 

The area of the Triangle ACE is equal to the product of AE by 
half EC, or by KL ; i. e. to the product of the Latitude of the 3d 
course by its Longitude. 

Calling the products in which tlie Latitude was North, North 
Products, and the products in which the Latitude was South, 
South Products, we shaD find the area of the Trapezoid to be a 
South Product, and the areas of the Triangles to be North Pro- 
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ducts. The Differmce of the North Products and the South 
Products is therefore the desired area of the three-sided field ABC. 
Using the Double Longitudes, (in order to avoid fractions), in 
each of the preceding produeta, their difference will be the double 
area of the Triangle ABC. 

(291) Taking now a four-sided field, ABCD in the figure, and 
drawing a Meridian and Longitudes as be- Fig. 195. 

fore, it is seen, on inspection, that its area 
■would he obtained by taking the two Trian- 
gles, ABE, ADG, from the figure EBCDGE, 
or from the sum of tiie two Trapezoids EBCF 
and EODG. 

The area of the Triangle AEB will he 
found, as in the last article, to be equal to 
the product of the Latitude of the 1st course 
by its Longitude. The Product will be 
NortJi. 

The area of the Trapezoid EBCF will be 
found to equal the Latitude of the 2d course 
by its Longitude. The product will he 
South. 

The area of the Trapezoid FCDG mil be found to equal the 
product of the Latitude of the 3d course by its Longitude. The 
product will be South. 

The axea of the Triangle ADG will be found to equal the pro- 
duct of the Latitude of the 4th course by its Longitude. The pro- 
duct ^vill be North. 

The difference of the North and South products will there- 
fore ie the desired area of the four-sided field ABCD. 

Using the Douhle Longitude as before, in each of the preceding 
;, their difference will be double the area of the field. 




(292) Whatever the number or directions of the sides of a field, 
or of any space enclosed by straight Imes, its area will always be 
equal to half of the difference of the Morth and South Products 
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arising from muitiplymg together the Latitude and Double Lon^- 
tudo of each course or side. 

We have tho'efore the following 

GENERAL RULE FOR FINDING AREAS. 

1. Prepare ten columns, headed as in the example below, and 
in the first three write the Stations, Bearings and Distances. 

2. Mnd the Latitudes and Departures of each course, by tiie 
Traverse Table, as directed in Art. (281), placing them in the 
four folhwing columns. 

3. Balance them, as in Art. (284), correcting them in red ink, 
i. Find the Double Longitudes, as in Art. (288), unth refer- 
ence to a Meridian passing through the extreme East or West 
Station, and place tJtem in the eighth column. 

5, MvlUply the Double Longitude of each course by the cor- 
rected Latitude of that course, placing the North Products in the 
ninth column, and the South Products m the tenth column. 

6. Add up the last two columns, subtract the smaller sum from 
the larger, and divide the difference by two. The quotient will 
he the content desired. 

(293) To find the most Easterly or Westerly Station of a sur- 
vey, without a plat, it is beat to make a rough hand-sketch of the 
survey, drawing the lines in an approximation to their true diree- 
tdons, by drawing a North and South, aad East and West lines, 
and considering the Bearings as fraetiona) pai-ts of a right angle, 
or 90° ; a course N. 43° E. for example, being drawn about half 
way between a Norti and an East direction ; a course N. 28° W. 
being not quite one-third of the way around from North to West ; 
and so on, drawing them of approximately true proportional lengths. 

(291) Example 1, ^ven below, refers to the five-sided field, of 
which a plat is ^ven in Fig. 175, page 151, and tho Latitudes and 
Departures of which wore calculated in Art. (282), page 175. 
Station 1 is the most Westerly Station, and the Meridian will be 
supposed to pass through it. Tho Double Longitudes are best 
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found by a continual addition and subtraction, 
as in the margin, -where they are marked D. L. 
The Double Longitude of the last course comes 
out cciual to its Departure, thus proving the 
work. 

The Double Lon^tudes being thus obtained, 
are multiplied by the corresponding Latitudes, 
and the content of the field obtained as directed 
in the General Rule, 

This example may serve as a pattern for the 
most compact manner of arran^ng the work. 



STA, 






+ 1.53 D. I, 




-t- 1.55 




- - 1.S8 


^ 


. - AM D. L. 












+ 7.53 D. L. 




+ l,8li 




- a.oo 


4 


+ 7.33 D. L, 




— 2.00 


S 


+ 1!.69 D. L- 



.T.rzo. 


B.,«:..s. 


TiNoie. 


.,T,r.o., 


OKP'TUHEa 


LONCmiDES. 


nUUCLE ARKAS.I 


N. 4- s.— 


1!.+ 


W.— 


N.+ 


S.— 


2 

4 
5 


N. 35° B. 

S. 34^" W, 
N. 564° W. 


a.70 
1.29 
3.29 
3.55 
3.23 


2.21 
.15 

1.2 1 
2,93 
1.78 


1.55 
1.98 
1.86 


3.00 
2.63 


+ 1.55 
+ 4.38 
+ 7.52 
+ 7.38 
+ 2.69 


3.4955 
0.6570 

4:7882 


9.0993 
31.6334 








4.1^1 4.M 


4.6y 


1.(iU 




8.8707 


J0.7236 



8.8707 
2)21.8519 
Squar 
(395) The Meridian might equally well have 
been supposed to pass through the most Easterly 
station, 4 in the figure. The Double Longitudes 
could then have been calculated as in the mar- 
^n. They will of course be all West, or minus. 
The products being then calculated, the sum of 
the North products will be found to be 29,9625, 
and of the South products 8.1106, and their 
difference to be 21,8519, the same result as be- 
fore. 



re Chains, 10.99.'i9 


iT«. 














— 2.69 


.1 


— 6,69 D. L. 




— 3.69 




+ 1.55 




— 7,83 D. L. 




+ 1.55 




+ 1.28 


•> 


— 5.00 D. L, 




+ 1.98 




+ 1,86 


3 


— 1,86 



(296) A number of examples, with and without answers, will 
now be given as exercises for the student, who should plat them 
by some of the methods given in the preceding chapter, using each 
of them at least once. He should then calculate their content by 
the method just given, and oAeok it, by also calculating the area of 
the plat by some of the Geometrical or Instrumental methods ^ven 
in Part I, Chapter IV ; for no single calculation is ever reliable. 
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All tlic examples (except the last) are from the author's actual 
surveys. 



Example 2, given below, is 
also fully worked out, as anoth- 
er pattern for the student, lyho 
need have no difficulty with any 
possible case if he strictly fol- 
lows the directioi^ which have 
been given. The plafc b on a 
scale of 2 chains to 1 inch, 
(=1:1584). 




.„„... 


«.,R,.G,. 


TA'icEa. 


LATITUDES 


DEP'TUllK-a 


LONg"tUDE5. 


^UHLEAIIKAS.I 


«.+ 8.- 


B.+ 


W.— 


N.+ 


8.— 


2 
3 
4 
5 
6 


N. 76° W 
S. 244" W 
S.48^ B. 
8. 134" B. 
8.77° B. 


2.81 

3.ao 

1.14 
1.53 
1.13 
1.64 




1.04 
1.02 
1.09 


... 

1,14 
.24 
i.GO 


3.11 
.47 


+ (i.3ti 

-f 4.05 
-J- .47 
4-1.14 


18.I)4U0 
3,1185 


.4888 
1.1628 
2.74G8 
l.fil32 








3.-12 


a.a2 


■J.M 


3.&a 
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Example ■ 



STA. 


SEAilme. 


DISTANCE. 


1 
2 

S 

4 


N.52° E. 
S. 295° E. 
S. 311° W. 
N.61° W. 


10.64 

4.09 
7.68 
7.24 



Ans. 4A. 3R. 28P. 
Example 5. 



STA. 


EEARINO. 


DISTAKCB. 


1 
2 
3 
4 
5 


N.34rE. 
N.85° E. 
S. 561° E. 
S. 84i° W. 
N. 66J° W. 


2.73 
1.28 
2.20 
3.53 
3.20 



2 )1.5.1469 
SquavfiChoinB, 7.5734 





Mxamp 


e4. 


STA 


BEARING. 


DISTANCE. 


1 
2 
3 
4 


S. 21° W. 
N. 834° E. 
N. 12' E. 
N. 47° W. 


12.41 

5.86 
8.25 
4.24 



Am. 4A. 2E. 37P. 



AaB. lA. OK. 14P. 



STA 


bearing: 


DISTANCE, 


1 


N. 35° E. 


6.49 


2 


S. 56>° E. 


14.15 


3 


S. 34° W. 


5.10 


4 


N. 56' W. 


6.84 


5 


S. 291° W. 


2.52 


6 


N. 48i° W. 


S,Y3 
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Uzainple 7. 



8TA. 


BEARING. 


DISTANCE. 


1 


S. 21i° W. 


17,62 


•X 


S. 34° W. 


10.00 


s 


S. 56° W. 


14.16 


4 


S. 34- E. 


9.76 


6 


N. 6T- E. 


2.30 


(i 


N. 23° E. 


T.03 


7 


N. 181° E. 


4.43 


8 


S. 76J° E. 


12.41 





JUxample 9. 


BTA. 


BBAKING. 


DISTANCE. 


1 


S. 67° E. 


6.77 


2 


S. 36!° W. 


2.26 


3 


S. 391° W. 


1.00 


4 


S. 705° w. 


1.04 


.S 


N. 681° W. 
N. 66' W. 


1.23 


6 


2.19 


7 


N. 33i° E. 


1.05 


8 


N. 66J° W. 


1.54 


9 


N. B3J° E. 


3,18 



An8. 2A. OR. 32P. 





HxampU 


11. 


STA. 


BEAHING. 


DISTANCE. 


1 


N. 18|- E. 


1.93 


2 


N. 9° W. 


1.29 


3 


N. 14° W. 


2.71 


4 


H. 74° E. 


0.95 


6 


S. 484° E. 


1.69 


6 


S. 14J° E. 


1.14 


7 


S. 191° E. 


2.16 


S 


S. 231° W. 


1.22 


9 


S. 5° W. 


1.40 


10 


S. 30° W. 


1.02 


11 


S. 81J° W. 


0.69 


12 


N. 325° W. 


1.98 



lExample 



BTA. 


PBARIKG. 


DISTANCE. 


1 


S. 651° E. 


4.98 


2 


S. 68° E. 


8.56 


-3 


S. 14r W 


20.69 


4 


S. 47° W 


0.60 


6 


S. 57i° W 


8.98 


6 


N. 56° W 


12.90 


.7 


H. 34° E. 


10.00 


8 


N. 21i E. 


17.62 





Mxamj^le 


10. 


STA. 


BEARING. 


DISTANCE. 


1 


N. 63° 51' W. 


6.91 


2 


N. 63° 44' W. 


7.26 


3 


N. 69° 36' W. 


3.34 


4 


N. 77° 60' W. 


6.64 


6 


N. 31° 24' E. 


14.38 


6 


N. 31° 18' E. 


16.81 


7 


S. 68° 65' E. 


13.64 


8 


S. 68° 42' E. 


11.54 


9 


S. 33° 45' W 


31.66 



Ans. 74 Acres. 





Example 


12. 


STA. 


EKARING. 


DISTANCE. 


1 


N. 72}° E. 


0.88 


2 


S. 20J° E. 


0.22 


3 


S. 68° E. 


0.76 


4 


N. 51° E. 


2.35 


5 


N. 44° E. 


1.10 


6 


N. 251° W. 


1.96 


7 


N. 8J° W. 


1.06 


8 


S. 29° W. 


1.63 


9 


S. 711° W. 


0.81 


10 


N. 13|° W. 


1.17 


11 


N. 63° W. 


1.28 


12 


West. 


1.68 


13 


N. 49° W. 


0.80 


14 


S. 19J E. 


6.20 
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Example 13. A farm is described in an old Deed, as bounded 
thus. Be^nning at a pile of sbnes, and running thence twenty- 
seven chains and seventy links South-Easterly sixty-^ix and a half 
degrees to a white-oak stump ; thence eleven chains and sixteen 
links North-Easterly twen- Fig. 197. 

fcy aad a half degrees to a 
hickory tree ; fJience two 
chains and thirty-five Jinks 
North-Easterly thirty-six 
degrees to the South-Easfc- 
erly comer of the home- 
stead ; thence nineteen 
chains and thirty-two links 
North-Easterly twenty-six 
degrees to a stone set in : 
the ground ; thence twenty- 
eight chains and eighty links 
Norti-Westerly sixty-six 
degrees to a pine stump ; 
thence tliirty-three chains and nineteen links South-Westerly 
twenty-two degrees to the place of beginning, containing ninety-two 
acres, be the same more or less. Required the exact content. 

(297) Iflascberoni's Theorem. The surface of any polygon 
is equal to half the sum of the products of its sides (omitting any 
one side') taken two and two, into the sines of the angles which 
those sides make with each other. 



Thus, take any polygon, such as the five- 
sided one in the figure. Express the arigle which 
the directions of any two sides, as AE, CD, make 
with each other, thus (ABaCD). Then will 
the content of that polygon be, as below ; 



= ^ [AB . BO . sin (AB A BC) -|- AB . CD . sin (AB A CD) 
-t- AB . DB . sin (AB A BE) + BC . CD . sin (BC A CD) 
f BC . BE . sin (BC A BE) -f CD . DE . sin (CD A BE)] 
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The demonstration consists merely in dividing the polygon into 
triangles hy lines drawn from any angle, (as A) ; then expressing 
fLe area of each triangle by half the product of its hase and the 
perpendicular let fall upon it from the above named angle ; and 
finally separating the perpendicular ioto parts which can each be 
expressed by the product of some one side into the sine of the 
angle made by it with another side. The sum of these triangles 
equals the polygon. 

The expressions are simplified by dividing the proposed polygon 
into two parts by a diagonal, and computing the area of each part 
separately, making the diagonal the side omitted.* 



CHAPTER Vn. 

THE VARIATION OP THE MAGNETIC NEEDLE. 

(298) Definitions. The Magnetic Meridian is the Fig. 199. 



direction indicated by the Magnetic Needle. The 'Fme ■ 
Meridian is a true North and South line, which, if pro- 
duced, would pass through the poles of the earth. The 
Variation, or Declination, of the needle is the angle 
which one of these lines makes with the other. f 

In the figure, if NS represent the direction of the True 
Meridian, and N'S' the direction of the Magnetic Meri- 
dian at any place, then is the angle NAN' the Variation 
of the Needle at that place. 

(299) Direction of Needle. The directions of these two meri- 
dians do not generally coincide, but the needle in most places 
points to the East or to the West of the true North, more or less 

* The original Theovem is uaually accredited to Lhuillier, of Geneva, who pub- 
lished it in 1789. But Mascheroni, the ingenious author of ilie " Geometiy of 
the CompaMca," had published it at Pavia, two years previously. The meUiod 
is well developed in Prof. Whillock's " Elements of Geometry." 

+ " Declination" is llie more correct term, and " Variation" should be reserved 
for the change in the Declination which will be considered in the neit chapter ; 
but ca«tom has estsbliebed the use of Varialian !□ the sense of Declination. 
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accordiBg to the locality. Observations of the amount and the 
direction of tiu3 variation have been made in nearly all parts of the 
■vForld. In the United States the Variation in the Eastern States 
is Westerly, and in the Western States is Easterly, as -ffiU he 
given in detail, after the methods for determining the True Meri- 
dian, and consequently the Variation, at any place, have been 




TO DETERMINE THE TRUE MERIDIAN. 

(300) By equal shadows of ihe Sun. On the South side of 
any level surface, erect an up- Fig auu. , 

right staff, shown, in horizon- 
tal projection, at S. Two or 
three hours before noon, mark 
the extremity. A, of its shadow. 
Describe an arc of a circle witJi 
S, the foot of the staff, for cen- 
tre, and SA, the distance to 
the extremity of the shadow, for radius. About as many hours 
after noon as it had been before noon when the first mark was 
made, watch for the moment when the end of the shadow touches 
the arc at another point, B. Bisect the arc AB at N, Draw SN, 
and it will be the true meridian, or North and South hne required. 

For greater accuracy, describe several arcs before hand, mark 
tlie points in which each of them is touched by the shadow, bisect 
each, and adopt the average of all. The shadow will be better 
defined, if a piece of tin with a hole through it be placed at the top 
of the staff, as a bright spot will thus he substituted for the less 
definite shadow. Nor need the staff be vertical, if from its summit 
a plmnb-iine be dropped to the ground, and the point which this 
strikes be adopted as the centre of the arcs. 

This method is a very good approximation, though perfectly 
correct only at the time of the solstices ; about June 2l3t and 
December 22d. It was employed by the Romans in laying out 
cities. 

To get the Variation, set the compass at ofie end of the True 
Meridian line thus obtained, sight to the other end of it, and take 
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tho Bearing as of any ordinary line. The number of d 
the reading will be the desired variation of the needle. 



(301) By the North Star, when in lie MeridiaD. The North 
Star, or Pole Star, (called by astronomers Alpha Ursce MiTions, 
or Polaris'), is not situated precisely at the North Pole of the 
heavens. If it were, the Meridian could be at once determined hy 
sighting to it, or placing the eye at some distance behind a plimib- 
line so that this line should hide the star. But the North Star is 
about 1^° from tho Pole. Twice in 24 hours, however, (more 
precisely 23h, 56m.), it is in the Men- Fig. 201. 

dian, being then exactly above or below .^._ 

the Pole, as at A and C in the figure. To /"^ ""-,, 

know when it is so, is rendered easy by the 

aid of another star, easily identified, which _^ J^ -in 

at these times is almost exactly above or \ / 

below the North Star, i. e. situated in tho ''■-.^ / 

same vertical plane. If then wc watch for '"■~:^^^--'^ 

the moment at which a suspended plumb- c 

line will cover both these stars, they wiH then be in the Meridiaji. 

The other star is in the well knoivn constellation of She Great 
Bear, called also the Plough, or the Dipper, or Charles's Wain. 

Fig. 902. 'Fig, 203. 



Two of its five bright stars (the right-hand ones in Pig, 202) are 
known as the " Pointers," from their pointing near to the North 
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Star, thus assisting in finding it. Tiie star in tlie tail or handle, 
nearest to the four whicli form a quadrilateral, is tbe star which 
comes to the Meridian at the same IJme with the North Star, 
twice in 24 hours, aa in Fig, 202 or 203, It is known as Aliotk, 
or ^sihn Vrscs Majoris.' 

To determine the Meridian by this method, suspend a long 
plnmh-hne from some elevated point, such as a stick projecting 
from the highest window of a house suitably situated. The^lumh- 
bob may pass into a pail of water to lessen its vibrations. South 
of this set up the compass, at such a distance from the plumb-line 
that neither of the stars will be seen above its highest point, i. e. 
in Latitudes of 40"^ or SO^notquiteasfarfrom the plumb-line as it is 
long. Or, instead of a compass, place a board on two stakes, so 
as to form a sort of bench, running East and West, and on it place 
one of the compass-sights, or anything having a small hole in it to 
look through. As the time approaches for the North Star to be 
on the Meridian (as taken from the table given below) place the 
compass, or the sight, so that, looking through it, the plumb-lino 
shall seem to cover or hide tho North Star, As the star moves 
one way, move the eye and sight tlie other way, so as to constantly 
keep the star behind the plumb-line. At last Aliotli,, too, will be 
covered by the plumb-line. At that moment the ejo and the 
plumb-line are (approximately) in the Meridian. Fasten doivn the 
sight on the board till morning, or with the compass take the bear- 
ing at once, and the reading is the variation-! 

Instead of one plumb-lino and a sight, two plumb-lines may be 
suspended at the end of a horizontal rod, turning on the top of a 
pole. 

The line thus obtained points to tlie East of the true Ime when 
the North Star is above Alioth, and vice versa. The North 
Star is exactly in the Meridian about 17 minutes after it has been 
in the same vertical plane with Alioth, and may be sighted to after 
that interval of time, with perfect accuracy. 

» • The North Pole is very nearly at the iiitei^seotion of the line f.om Polaris to 
Alioth, and a. perpendicular to this line from the small star seen l<\ the left of it in 
Fig. 202. 

t IE a Transit or Theodolite be used, the cross-haira must be illuminated by 
throwing the light of a lamp into the telescope by its reflection from while paper. 
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Another bright star, which is on the opposite aide of the Pole, 
and is known to astronomers as Gamma Cassiopei(e, also comes on 
the Meridian nearly at the same time as the North Star, and will 
thus assist in determining its direction. 



(302) The time at which the North Star pa^es the MeridiEm 
above the Pole, for every 10th day in the year, is given in the fol- 
lowing Table, in common clock time." The upper transit is the 
most convenient, since at the other transit Alioth is too high to be 
f observed. 



^ 


MONTH. 


1st Day. 


mil Day. 


2] St Day. 




li. M. 


H. M. 


II. M. 


January, 


6 21 r. M 


5 41 P. M 


5 02 p. M. 




February, 


4 18 r. K 


3 39 p. M 


3 00 p 


M. 


1" 


March, 


2 28 p. M 


1 49 p. M. 


1 09 p 


M. 


■I 


April, 


26 p. M 


11 47 a. m 


11 08 A 


M. 


§ 

&( 


May, 


10 28 A. M 


9 49 A, H 


9 10 A 


M. 


i 


June, 


8 27 A. M. 


7 48 A. M. 


7 08 A 


M. 


? 


July, 


6 29 A. M. 


6 60 A. M. 


6 11 A 


M. 


f 


August, 


4 28 A. M. 


3 49 A. M. 


3 09 A 


M. 


September, 


2 26 A. M. 


1 47 A. M 


1 07 A 


H. 




October, 


28 A. M. 


11 45 p. M 


11 06 p 


M. 


1 


November, 


10 22 p. M. 


9 43 p. M 


9 04 p 


M. 


December, 


8 24 p. M. 


7 46 r. M. 


7 06 p 


M. 



• Tocftlcnlste the time of the Notth Star paaaing the Meridian nt its upper col- 
mination i Find in the " Ameiican Almanac," (Boslon), or the " Astconomical 
Bpliemeria," (Washington), or the " Nautical Almanac," (Loudon), nr by inlerpo- 
lationfram thedatttat l!ie end of this iiole, the right ascension of the alar, and from 
it (increased by twenty-four honps if necessaiy to render the subtraction poBeible) 
anbtract the Right ascension of the San at mean noon, or the sidereal lime at 
mean noon, for the given day, as found in the " Epliemeria of ihe Sun," in ihe 
same Almanacs, From the remaindev subtract the acceleration of sidereal on 
mean time corresponding to this remainder, (3m. 56s. for 24 hours), and the new 
remainder is the required mean solar time of the upper passase of the star acrosa 
the Meridian, in "Astronomical" reckoning, the aatronomical day beginning at 
noon of the common dvil day of lliesame date. 

The right ascension of the Noith Star for Jan. 1, 1850, is Ih. [lorn. 0I.4s. ; for 
1860, Ih. OSra. 0a.8a. ; for 1870, Ih. 11m. 10.9s. ; for 1880, Ih. I4m. 45.1b. [ for 
1890, Ih. ISm. a9.aa. ; for 1900, Ih. 22m. 31s. 
13 
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To fiml tlie time of tfie star's passage of the Mericlian for other 
days than those given in the Table, take from it the time for the 
day most nearly preceding that desired, and subtract from this 
time 4 minutes for each day from the date of the day in the Table 
to that of the desired day ; or, more accurately, interpolate, by 
saying: As the number of days betiyeen those given in the Table 
ia to the number of days from the next preceiimg day in the Table 
to the desired day, so is the difference between the times given in 
the Table for the days next preceding and following the desired 
day to the time to be subtracted from that of the next preceding 
day. The first term of the preceding proportion is always ten, 
except at the end of months having more or less than 30 days. 
For example, let the time of the North Star's passing the Meridian 
on July 26th be required. From July 21st to August 1st being 
11 days, we have this proportion : 11 ilaj's : 5 days : : 4.5 minutes : 
19j\ minutes. Taking this from 5h, 11m. A. M., we get 4h. 
61^m. A. M. for the time of passage required. 

The North Star passes the Meridian later every year. In 
1860, it will pass the Meridian about two minutes later than in 
1854 ; in 1870, five minutes, in 1880, eight minutes, in 1890, 
twelve minutes, and in 1900, sixteen noinutes, later than in 1854: 
the year for which the preceding table has been calculated. 

The times at which the North Star passes the Meridian below 
the Pole, in its lower Transit, can be found by adding llh. 58m. 
to tlie time of the upper Transit, or by subti-acting that interval 
from it.* 

(303) By the North Star at its extreme elong:ati©n, When 
the North Star is at its greatest apparent angular distance East or 
West of the Pole, as at B or D in Fig. 201, it is said to be at its 
extreme Eastern, or extreme Western, Elongation, If it be observed 
at either of these times, the direction of the Meridian can bo easily 

" The North Stai', which is now about 1" 28' fi'om the Pole, was 12° distanl 
fcom it when its place was first recorded. Its distance is now diminiBhin^ at the 
rate of abont a third of ft ininnlp in a year, and will continue to do bo nil it ap- 
proacbeB to within half a degree, when it will agxin recede. The biHghtest star 
in the Norlhern hemisphere, Alpha Lyne, will be ihe Fole Star in obont 12,000 
Tears, being then witiun about 5" of the Pole, though now more than 5!" distant 
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obtained from the observation. Tbe great advantage of this method 
over the preceding is that then tlie star's motion apparentlj' ceases 
for a short time. 



(304) The following Table gives the 

TIMES OF EXTREME ELONGATIONS 01 



TIIE HOBTH STAR.* 



MONTH. 


l9T Day. 


11th Day. 


21sT Day. 1 




EASTBKN. 


WESTERN 


EASTERN. 


WESTERN. 


EASTERN. 


WESTERN. 




H. M. 


H. M. 


H. M. 


H. M. 


n.„. 


H. M. 


Tan'y, 


27P.M 


019A.M 


1147 a.m. 


1135 p.m. 


UOSa.m 


10 56 p.m. 


Peb'y, 


1024A.M 


1013P.M 


945 a.m. 


933 p.m. 


906 A.M 


8 54 p.m. 


Mmh, 


8 34 a.m. 


8 22P.M 


7 65 a.m. 


7 43 p.m. 


715A.M 


704 p.m. 


April, 


6 32a.1i. 


6 20P.M 


5 53 a.m. 


5 41p.m. 


514A.M 


5 02 p.m. 


May, 


4 34a.m. 


4 22 p.m. 


3 55 a.m. 


343 p.m. 


316A.M 


3 04 p.m. 


June, 


2 33 A.M. 


2 21p.m. 


153 a.m. 


142 p.m. 


114 A.M 


102 p.m. 


July, 


35 a.m. 


23 P.M. 


1152 p.m. 


1144 a.m. 


1113 p.m. 


1105 a.m. 


August, 


10 30 P.M. 


10 22A.M 


851p.m. 


943 a.m. 


911P.M 


9 03 a.m. 


Sept'r, 


8 28 p.m. 


8 20 a.m. 


749 p.m. 


7 41a.m. 


7 09 P.U 


7 01a.m. 


Oot'r, 


6 30 P.M. 


6 22 a.m. 


551p.m. 


543 a.m. 


512P.M 


5 04 a.m. 


Nov'r, 


4 28 P.M. 


421a.m. 


349 p.m. 


341A.M 


SIOP.M 


302a.m. 


Dec'r, 


2 30 p.m. 


2 22 a.m. 


151p.m. 


143A.M 


112P.M 


1 04A.X. 



The Eastern Elongations from October to March, and the West 
em Elongations from April to September, occurring in the day 
time, they will generally not be visible except ivith the aid of a 
powerful telescope. 

* To calculate ihe limes of the greateal elongation of the North Star : Find in 
one of the Almanacs before referred to, cr from the data below, its I'olar dis- 
tance at the given time. Add the logarithm of ite tangent to the logarithm of the 
tangent of the Latitude of the plsce, and the sum will be the logarithm of the 
coBina of the Hour angle before or after the culmination. Reduce the apace to 
time ; correct for sidereal acceleration (Sin. 568. for E4 hours) and sublract the 
result from tlie time of tile star's i)aaMng the meridian on that day, to get the time 
of the Eastern elongation, or add it to get tiie Weatem. 

The Polar distance of the North Star, for Jan. I, 1850, is 1° 29' 35"; for 1960, 
1" 26' ]3".7; for 187D, 1° 23° 01"; for 1880, 1' 19' 50".4; for 1890, 1° 16' 40".T; 
for 1900, 1° 13' 33".3. 
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The preceding Table was calculated for Latitude 40°. The 
Time at wiiich the Elongations occur vary slightly for other Lati- 
tudes. In Latitude 50°, the Eastern Elongations occur about 2 
minutes later and the Western Elongations about 2 minutes earlier 
than the times in the Table. In Latitude 26°, precisely the 
reverse takes place, 

Tte Times of Elongation are continually, though slowly, becom- 
ing later. The preceding Table was calculated for July 1st, 1854, 
In 1860, tlie times will be nearly 2 minutes later ; and in 1900, 
the Eastern Elongations will he about 15 minutes, and the Western 
ations 17 minutes later tian in 1854. 



(305) Observations. Knowing fram the preceding Table the 
hour and minute of the extreme Elongation on any day, a little 
before that time suspend a plumb-line, precisely as in Art. (301), 
and place yourself south of it as there directed. As the North' 
Star moves one way, move your eye the otlier, so that the plumb- 
line shall continually seem to cover the star. At last the star will 
appear to stop moving for a time, and then begin to move back- 
wards. Kx the sight on the board (or the compass, &c,) in the 
position in which it was when the star ceased moving ; for the star 
was then at its extreme apparent Elongation, East or West, as the 



(306) Azimntlis. The angle which the line from the eye to the 
plumb-line, makes with the True Meridian (i. e. the angle between 
the meridian plane and the vertical plane passing through the eye 
and the star) is called the AzimutJi of the Star. It is given in the 
following Table for different Latitudes, and for a number of years to 
come. For the intermediate Latitudes, it can be obtauied by a 
simple proportion, similar to that explained in detail in Art. (302).* 

' To calculate this Azimuth : From the logarilbiii of the siiio of the Polav tlia 
tance of the star, Btibtvactlhe logarithm of the cosine of the Latitude of the place; 
the remainder will be the logarithia of the Bine of the angle required. Tlie To- 
lar dialance can be obtained ea directed in the last note. 
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AZIMTITH8 Off THE NORTH 


TAa. 






-«. 


1854 


1856 


1856 


1867 


1858 


1859 


1860 


1870 


60= 


2°16| 


20 16J 


2° 16' 


2° 151 


2° 16' 


2° 141 


2° 14} 


2° 09}' 


490 


2° 14' 


2°13J 


2°13i 


2° 12} 


2° 12} 


2° 12' 


2° HI 


2° 061' 


480 


2°1H 


2° 11' 


20 101 


2° 10} 


20 09} 


2° 09} 


2° 09' 


2° 04' 


47° 


2° 09' 


2° 08^ 


2° 08' 


2° 07} 


20 07} 


2° 06} 


2=061 


2° 01}' 


46° 


2=061 


2o06i 


20 05} 


2°05J 


2<-05' 


2°04J 


2° 04} 


1° 591' 


46° 


20 04J' 


2° 04' 


20 031 


20 03} 


2° 02} 


20 02} 


2° 02' 


1°571' 


440 


2° 02J' 


2° 02' 


2° 01} 


2° Oil 


20 01' 


2" 001 


2° 00' 


10 561' 


480' 


2°0OJ' 


2=00' 


1°69J 


1°69' 


1° 68}' 


1068} 


1058' 


10 531' 


420 


1°58V 


10 68' 


1° 671' 


1° 67}' 


1° 66}' 


l°66i' 


I066' 


I06II' 


41° 


1°66}' 


lo66i 


1° 65}' 


10 65J' 


1°56' 


1° 641' 


1°54}' 


10 50' 


40° 


1°55' 


10541 


1°54' 


10 53}' 


10 53}' 


l°5b' 


1°621' 


1048 ' 


39° 


l°68l 


1°62| 


lo62i' 


1°62' 


10 51}' 


10 51}' 


1°51' 


1=46 ' 


88° 


loSlJ 


1°611 


1°51' 


10 601' 


1°60' 


1° 49}' 


1° 491' 


1046' 


370 


l°50i 


1=49} 


1°491' 


1049' 


1=48}' 


1° 48}' 


1048' 


1°44' 


86° 


1°48| 


1° 48i' 


1°48' 


1047}' 


1047}' 


1047' 


1046 ' 


1°42|' 


36° 


1° 47 J' 


1047' 


1° 46}' 


1° 46}' 


1°46' 


1°451' 


1°45 ' 


1°411' 


340 


l°46r 


1° 46|' 


10 461' 


1°45' 


1°44}' 


1° 44}' 


1044' 


1° 40}' 


33° 


19 46' 


1° 441' 


10 44}' 


10 43}' 


1° 431' 


1043' 


1° 42}' 


1039' 


32° 


1°44' 


1° 431' 


1043' 


10 42}' 


1° 42}' 


1°42' 


1°411' 


1038' 


31° 


1°42}' 


10 421' 


1042' 


I04II' 


1°41' 


1° 40|' 


l°40l' 


1=37' 


30° 


1°4H' 


1° 411' 


I04I' 


1° 401' 


1° 40}' 


1°40' 


1° 391' 


1=36' 



(307) Setting out a Meridian. When two points in tt 
tion of tho North Star at ita extreme elongation have been 
obtained, aa ia Art. (305), the True Meridian can be 
found thus. Let A and B be tlie two points. Multiply the 
natural tangent of the Aainrath ^ven in the Table, by the 
distance AB. The product will be the length of aline 
which ia to be set off from B, perpendicular to AB, to 
some point C. A and C will then be points in the True 
Meridian. Tliis operation may be postponed till morning. 

If the directions of both the extreme Eastern and extreme 
Western elongations be set out, the line lying 
between them will be the True Meridian. 



le direc- 
Fig. 204. 
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(308) Beterminins the Variation. The variation would of 
course be given hy taking the Bearing of the Meridian thus 
obtEuned, but it can also be determined by taking the Bearing of 
the star at the time of the extreme elongation, and applying the 
following rules. 

When the Azimuth of the star and its magnetic bearing are one 
East and the other West, the sum of the two is the Magnetic Vari- 
tion, which is of the same name as the Azimuth ; i. e. East, if that 
be Eaat, and West, if it be West. 

When the Asdmuth of the star and its Magnetic Bearing are 
both East, or both West, their difference is the Variation, which 
will be of the same name as the Azimuth and Bearing, if the Azi- 
muth he the greater of the two, or of the contrary name if the 
Azimuth be the smaller. f^'g- 205- 

All these cases are presented together in the '^' , ^ JV 
figure, in which P is the North Pole ; Z the place 
ef the observer ; ZP the True Meridian ; S the 
star at its greatest Eastern elongation ; and ZN, 
ZN', ZN", various supposed directions of the needle. 
Call the Aaimuth of the star, i. e. the angle 
PZ8, 2° East. 

Suppose the needle to point to N, and the Bear- 
ing of the star, i. e. SZN, to be 5° West of Mag- 
netic North. The variation PZN will evidently be 
7° East of true North. 

Suppose the needle to point to N', and the bearing of the star, 
i. e. N'ZS, to be 1^° East of Magnetic North. The Variation 
will be %° East of true North, and of the same name as the Azimuth, 
because that is greater than the bearing. 

Suppose the needle to point to N" and the bearing of the star, 
i. e. N"ZS, to be 10° East of Magnetic North. The Variation 
will be 8° West of true North, of the contrary name to the Azimuth, 
because that is the smaller of the two.* 

* Algebraically, always aubtract ihe Beai-ing from the Azimath, and give the i 
mMndei- its proper resulliiig algebraic sign. It will be the Vaiiatioa; Bast itpli . 
and West, if minus. Thus in Ihe first case above, the Variation = 4. a" — 
(— 5") ==.-(- 7° = 7° East. In the second case, the Variation = + S" — (+ H") 
= + 1° = |o East. In the Ihh-d case, tiio Variatiun = + 2" — {+ 10') = 
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If the star was on tlio other side of the Pole, the rales would 
apply likewise. 

(309) Other Methods. Many other methods of dctenniiiiiig the 
trae Meridian are employed ; such as by eij[ual altitudes and aai- 
muths of the sun, or of a star ; hy one azimuth, knowing the time ; 
by observations of circumpolar stars at erjual times before and after 
their culmination, or before and after their greatest elongation, &c. 

All these methods however require some degree of astronomical 
knowledge; and those ■which have been exjJained are abundantly 
sufficient for all the purposes of the ordinary Land- Surveyor. 

"Burt's Solar Compass" is an instrument by which, "when 
adjusted for the Sun's declination, and the Latitude of the place, 
tJie arfmuth of any line from the true North and South can be read 
off, and the difference between it and the Bearing by tho compass 
will then be the variation." 

(310) Magnetic Tarlation In the United States. The vaii- 
ation in any part of the United States, east of the Territories, can 
be approximately obtained hy mere inspection of the map at the 
beginning of this volume.* Through all the places at which the 
needle in 1840, f pointed to the true North, a line is drawn on the 
map, and cailled the Line of no Variation. It will be seen to bo 
nearly straight, and to pass in a N.N.W. direction from a little 
West of Cape Hatteras, N. C, through the middle of Virginia, 
about midway between Cleveland, (Ohio), and Erie, (Pa.), 
and through tie middle of Lake Erie and Lake Huron, If folJowed 
South-Easterly it would be found to touch the most Easterly point 
of South America. It is now slowly moving Westward. 

At all places situated to the East of this line (including the 
New-England States, New-York, New-Jersey, Delaware, Maryland, 
nearly all of Pennsylvania, and the Eastern half of Virginia 
and North Carolina) the Variation is Westerly, i. e. the North end 
of the needle points to the West of the true North. At all places 

' Copied (by pecmiasion) from one prepared by Prof. Loomia by the rpducrioQ 
of numerous observations, and originBllj' pubiished in Blllimaii's "American Joqi» 
nal of Science," for Oct. 1840, Vol. xixix, p. U- 

t A gradual change in the Variation is going on from year to year, as will be 
ciplained in the next Chapter. 
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situated to the West of this line (including the Western and Sonth- 
ora States) the Variation is easterly, i. c. the North end of the 
needle points to the East of the true North. This variation in- 
creases in proportion to the distance of the place on either side of 
the line of no variation, reaching 21° of Easterly Variation in Ore- 
gon, and 18° of Westerly Variation in Maine. 

Idnee of equal Variation are lines drawn through aU the places 
which have the same variation. On the map they arc drawn for 
each degree. All the places situated on the line marked 1°, East 
or West, have 1° Variation ; those on the 2" line, have 2° Varia- 
tion, &c. The variation at the intermediate places can he approxi- 
mately estimated by the eye. These imes all refer to 1840. 

The linos of equal- Vaaiation, if continued Northward, would all 
meet in a certain point called tlie Magnetic Pole, and situated in 
the neighborhood of 96° West Longitude from Greenwich, and 70° 
of North Latitude. Towards this pole the needle tends to point. 

Another Magnetic pole is found in the Southern hemisphere ; 
but the farther development of this subject belongs to a treatise on 
Natural Philosophy. 

The Variation on the Pacific slope of this country has been very 
imperfectiy ascertained. A few leading points are as below. 
California; Point Conception, Sept. 1850, 1Z° 49^' E. 

Point Penos, Monterey, Feb. 1851, 14° 58' E. 

Presidio, San Francisco, Feb. 1852, 15° 27' E. 

San Diego, Mar. 1851, 12° 29' E. 

Oregon; Cape Disappointment, July, 1851, 20° 45' E, 

Ewing Harbor, Nov. 1851, 18° 29' E. 

Wash. Ter'y. Scaxboro' Harbor, Aug. 1852, 21° 30' E. 

(311) T» correct Mag:netic Bearings. The Variation at any 
place and time being known, the Magnetic ,Dearings taken there 
and then, may be reduced to their true Bearings, by these Rules. 

Rule 1. When the Variation is West, as it is in the North- 
Eastern States, the true Bearing will be the sum of the Variation 
and a Bearing which is North and West, or South and East ; and 
the difference of the Variation and a Bearing which is North and 
East, or South and West. To apply this to the cardinal points, a 
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North Bearing must be called N. 0° West, an Ea-st Bearing N. 
90'' E., a South Bearing S. 0° E., and a West Bearing S. 90= W. ; 
counting around from N' to N, in the figure, and so onward, " with 
the Sun." 

The reasons for these corrections *"'§■ 30S. 

are apparent from the Figure, in which K' '■ 

tie dotted lines and the accented let- K 

tei^ represent the direction of the nee- 
dle, and the full lines and the unac- 
cented letters represent the true NortJi w- — ■ — — ^ 
and South and East and West lines. ^,--"'" 

When the sum of the Variation and i > 

the Bearing is directed to be taken, 1 1 \ 

and comes to more than 90°, the sup- S ^ 

plement of the sum is to be taken, and the first letter changed. 
When the difference is directed to be taken, and the Variation is 
greater than the Bearing, the last letter mubt be changed. A 
Q of the case will remove all doubts. Exam2;les of all these 
3 given below for a Variation of 8° West. 



MAGSBXIO 


TRUE 


MAaNBTIC 


TRUK 


BEARING. 


BEARING. 


BEARING. 


BEARING. 


North. 


H. 8° W. 


South. 


S. 8°E. 


K. 1»E. 


N. 7° W. 


S. 2°"W. 


S. 6°E, 


K. 40° E. 


N. 32° E. 


S. 60° W. 


S. 62° W. 


East. 


N. 82° E. 


Wjjsl. 


S. 82° W. 


S. 60= E. 


S. 58° E. 


N. 70° W. 


N. 78° W. 


S. 89" E. 


N. 83° E. 


N. 83° W. 


S. 89° W. 



Rule 2. Whm the Variation is 
Eait, as in the Western and Southern 
States, the preceding directions must 
be exacfly reversed ; i. e. the true 
Bearing ^viU be the difference of the 
Variation and a Bearing which is 
North and West, or South and East ; 
and the sum of the Variation and a 
Bearing which ia North and East, or 
South and West. A North Bearing 
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mi^t be caUed N. 0" E., a West Bearing N. 90= W., a South 
EoariEg S. 0° W,, and an East Bearing S. 90° E,, counting from 
N' to N, and 80 onward, "against the sun." The reaaona foi 
these roles are seen in the Figure. Examples are given below, foi 
a Variation of 5° E. 



MAGKKTIC 


rHTJE 


MAGNETIC 


TRUE 


EBABING. 


EEAEING. 


BEARING. 


BEARING. 


North. 


N. 5»E. 


South. 


S. 6° W. 


N. 40- E. 


N. 46° E. 


S. 6(1° W. 


S. 65° W. 


N. 89' E. 


S. 86° E. 


S. 87° W. 


N. 88° W. 


East. 


S. 85° E. 


West. 


N. 85° W. 


S. 1" E. 


S. 4° W. 


N. 70° W. 


N. 66° W. 


S. 50' E. 


S. 45° E. 


N. 2° W. 


N. 3° E. 



(312) To survey a Une with true Bearingfs. Tho compass 
may be set, or adjusted, by means of the Vernier, (noticed in Arts. 
(229) and (237), and shown in Fig. 148, page 126) according to 
the Variation in any place, so that the Bearings of any lines then 
taken with it will be their tme Bearings. To effect this, turn aside 
the compass plate, by means of the Tangent Screw which moves 
the Vernier, a number of degrees equal to the Variation, moving 
Jie S. end of the Compass-box to the right, (the North end being 
apposed to go ahead) if the Variation be Westerly, and vice versa; 
for that moves the North end of the Compass-box in the contrary 
Infection, and thus makes a Ime which before was N. by the nee- 
lle, now read, as it should truly. North, so many degrees, West 
.f the Variation was West ; and similarly in the reverse case. 
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CHANGES IN THE VlRIlTIOiV. 

(313) The Changes in the Variation are of more practical 
importance than it3 absolute amount. They are of four kinda: 
Irregular, Diurnal, Annual and Secular. 

(31i) Irregalar chan^es> The needle is subject to'sudden 
and violent changes, which hare no known law. They are some- 
times coincident with a thunder storm, or an Aurora Borealis, 
(during which, changes of nearly 1° in one minute, 1\° in eight 
minutes, and 10° in one night, have been observed), but often 
tiave no apparent cause, except an otherwise invisible " Magnetic 
Storm." 

(315) The Diurnal cban^e. On continuing observations of 
the direction of the needle throughout an entire day, it will 
be found, in the Northern Hemisphere, that the North end 
of the needle moves Westward from about 8 A. M, till about 2 
P. M. over an arc of from 10' to 15', and then gradually returns 
to its former position.* In the Southern Hemisphere, the direction 
of this motion is reversed. The period of this change being a day, 
it is called the Diurnal Variation. Its effect on the permanent 
Variation is necessarily to cause it, in places where it is West, to 
attain its maximum at about 2 P. M., and its minimum at about 8 
A. M. ; and the reverse where the Variation is East. 

This Diurnal change adds a new element to the inaccuracies of 
the compass ; since the Bearings of any line taken on the same 
day, at a few hours interval, might vary a quarter of a degree, 
which would cause a deviation of the end of the line, amounting to 
nearly half a link at the end of a chfun, and to 35 links, or 23 
feet, at the end of a mile. The hour of the day at which any 
important Bearing is taken should therefore be noted. 

• A aimiiar bat smaller movemenl :akea place during the nighl. 
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(316) The Annual cliang:e< If the observations be continued 
througlioiit an entire year, it will be found that the Diurnal changes 
vary with the seasons, being about twice as great in Summer as in 
Winter. The period of this change being a year, it is called the 
Annual Variation. 

(317) The Secular change. When accurate obaorTations on 
the Variation of the needle in the same place are continued for 
several years, it is found that there is a continual and tolerably 
regular increase or decrease of the Variation, continuing to pro- 
ceed in the same direction for so long a period, that it may be 
called the Secular change of Variation.* 

The most ancient observations are those taken in Paris. In the 
year 1541 the needle pointed 7° East of North ; in 1580 the Vari- 
ation had increased to 11^° East, being its maximum ; the needle 
then began to move Westward, and in 1666, it had returned to the 
Meridian; the Variation then became West, and continued to 
increase till in 1814 it attained its maximum, being 22° 34' West 
of North. It is now decreasing, and in 1853 was 20° 17' W. In 
London, the Variation in 1576 was 11" 15' E. ; in 1662, 0° ; in 
1700, 9=' 40' W. ; in 1778, 22° 11' W. ; in 1815, 24° 27' W. ; 
and in 1843, 23° 8' W. 

In this country the north end of the needle was movmg East 
ward at the earliest recorded observations, and continued to do so 
till about the year 1810 (variously recorded as from 1793 to 
1819), when it began to move Westward which it has ever since 
continued to do. Thus, in Boston, from 1708 to 1807 the Varia 
tion changed from 9° W. to 6° 5' W,, and from 1807 to 1840, it 
changed from 6° 5' W. to 9° 18' W. 

Valuable Tables of the Secular changes of the Variation in vari 
ous parts of the United States have been published by Prof. Loomis 
In Silliman's " American Journal of Science," Vol. 34, July, 1838, 
p. 301; Vol. 39, Oct. 1840, p. 42; and Vol. 43, Oct. 1842, 
p. 107. An abstract of the most reliable of them is here given. 
Troy and Schenectady are from other sources. 

' If the tPrm " Declination of ilie Sae[lle" could be restored te its proper use, 
iai " Change of Variation" would bo properly called the " Variation of the De 
clination." 
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ANNUAI 


PLACE. 


LATITTJnE 


LON&ITUDBS. 


DA'rES. 


MOTION. 


Burlington, Vt. 


440 27' 


73° 10' 


1811...1834 


4'.4 


ChesterSeld, N. H. 


42= 68' 


72° 20' 


1820...1836 


6'.4 


Deerfield, Mass. 


42° 34' 


72° 29' 


1811...1887 


5'.7 


Cambridge, Mass. 


42° 22' 


71° 7' 


1810...1840 


3'.4 


New-Haven, Conn. 


41° 18' 


72° 58' 


1819...1840 


4'.6 


Keeseville, N. Y. 


44° 28' 


730 32' 


1825...1838 


5'.4 


Albanj, N. Y. 


42=89' 


73° 45' 


1818...1842 


3'.6 


" 


" 


" 


1842...1864 


4'.9 


Troy, N. y. 


42° 44' 


730 40' 


1821...1837 


6'.2 


Sclieneetady, N. Y. 


429 49. 


73° 55' 


1829...1841 


7'.2 


« 


" 


" 


1841...1854 


6'.0 


New- York City. 


40° 43' 


74° 01' 


1824...1837 


3'.7 


Pliiladelphia. 


89° 57' 


75° 11' 


1813...1837 


3'.6 


MilledgeviHe, Ga. 


33° 7' 


83° 20' 


1805...1835 


1'.7 


Mobile, Ala. 


30° 40' 


88° 11' 


1809...1835 


2'.2 


Cleveland, 0. 


41° 30' 


81° 46' 


1825...1838 


4'.5 


Marietta, 0. 


89° 25' 


81° 26' 


1810...1838 


2'.4 


Cincinnati, 0. 


39° 6' 


84° 27' 


1825...1840 


2'.0 


Detroit, Mich. 


42° 24' 


82° 58' 


1822...1840 


4'.3 


Alton, 111. 


38° 52' 


90° 12' 


1835...1840 


3'.0 



From these and other observations it appears that at present the 
lines of equal variation ai-e moving Westward, producing an annual 
eliangc of variation (increasing the Westerly and lessening the 
Easterly) which is different in different parts of the country, and 
is about five or aix minutes in the Korth-Bastern States, three or 
four minutes in the Middle States, and two minutes in the Southern 



(318) Determination of the change, ^y Interpolation. To 

determine the chnnge at any place and for any interval not found 
in the recorded observations, an approximation, sufficient for most 
purposes of the surveyor, may be obtained by interpolation (by a 
simple proportion) between the places given in tlie Tables, assum- 
ing the movementa to have been uniform between the given dates ; 
and also assuming tho change at any place not found in the Tables, 
to have been intermediate between those of the lines of equal varia- 
tion, which pass through the places of recorded observations on 
each side of it, and to have been in the ratio of its respective dis- 
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tances from those two linea ; for example, taJ^ing their arithmeiical 
mean, if tJie required place is midway between them ; if it be twice 
as near one as the otber, dividing ths smn of twice the change of 
tiie nearest line, and once the change of the other, hy three ; and 
so in other cases ; i. e. giving the change at each place, a "weight" 
inversely as its distance from the place at which the change is to 
be found. 

(319) Determination of the cbange, by old lines. When 
the former Bearing of any old line, such as a farm-fence, &c. is 
recorded, the change in the Variation from the date of the ori^al 
observation to the jH:esent time can he at once found by setting the 
compass at one end of the line and sighting to the other. The 
difference of the two Bearings is the required change. 

If one end of the old line cannot be seen from the other, as is 
often the case when the line is fixed only by a "comer" at each 
end of it, proceed thus. Run a line from one comer with the old 
Bearing and with its distance. Measure the distance from the end 
of this line to the other comer, to which it will be opposite. Mul- 
tiply this distance by 57.3, and divide by the lengtii of the line. 
The quotient will be the change of variation in degrees.* 

For example, a line 63 chains long, in 1827 had a Bearing of 
North 1° East. In 1847 a trial lino was run from one end of the 
former line with the same Bearing and distance, and its other end 
was found to be 125 links to the West of the true comer. The 

change of Variation was therefore — — ^ — '— ^ 1°.137 = 1" 8' 
Westerly. 

* Let AB be the original line ; AC the trial line, 
and BO the distance between their eKlremities. ^ 
AB and AC may be legaivled as indii of a circle 
and BC aa a chocd of the avc which subtends their 
angle. Assuming the chord and arc to coincide 
(which they will, nearly, for small angles) we 
have thia proportion ; Whole circumference ; arc 
BC :: 3fi0° : BAG ; or, S X AC X 3.1416 : BC 
: : 360° : EAC. whence BAC = ^ X 57.3 ; or mo 
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Changes in the Variation. 



These are 




(320) Effects of tlic Secular change. 

important in the re-survey of farms 
by the Bearings recorded in old 
deeds. Let SN denote the direc- 
tion of the needle at the time of 
the original Survey, and S'N' its 
direction at the time of the re-sur- 
vey, a number of years later. 
Suppose the change to have been 
3°, the needle pomting so much 
farther to the west of North. The 
line SN, which before was due 
North and South by the needle 
■will now hear N. 3° E. and S. 3' W ; the line AB, which before 
was N. 40° E. will now bear K. 43° E ; the line DE which before 
was N. 40° W. will now bear N. 37° W; and the line WE, which 
before was due East and West, will now bear S. 87° E. and N. 
87° W. Any line is similarly changed. The proof of this is appa- 
rent on inspecting the figure. 

Suppose now thit i suneyoi, igiioiant or neglectful of this 
change, "should attempt to nm out a 
farm hj the old Bearm^ of the 
deed, none of the old fences or coi- 
ners rem^lnmg The full Imea m 
the fi^uie represent the ongmal 
bounds of the farm, and the dotted 
hues those of the n'U) piece of land 
which, staiting fiom A, he would 
unwittingly lun out It would be of 
tJie same size and the same shape as 
the true one, but it would be in the 
wrong place. None of its lines 
would agree with the true ones, and 
in some places it would encroach on 
one neighbor, and in other places 
would leave a goro which belongs to it, between itself and another 
neighbor. Yet this is often done, and is the source of a great part 
of the litigation among farmers respecting their '• lines." 
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(321) To rna out »ld lines, To succeed In retracing old 
lines, propor allowance must be made for the change in the varia^ 
tion since the date of the original survey. That date must first 
be accurately ascertained ; for the survey roay ho much older than 
the deed, into which its hearings may have been copied from an 
older one. The amount and direction of the change is then to he 
ascertained by the methods of Arts. (318) or (319). The bear- 
ings may then he corrected by the following Eules. 

When the North end of the needle has been moving Westerly, 
(as it has for about forty years), the present Bearings wil! be the 
mms of the change and the old Bearings which were North-East- 
erly or South- Westerly, and the differences of the change and 
the old Bearings which were North-Westerly or South-Easterly. 

If the change have been Easterly, reverse the preceding rules, 
subtracting where it is directed to add, and adding where it is 
directed to subtract. 

Bun out the lines with the Bearings thus corrected. 

It will be noticed that the process is precisely the reverse of 
that in Art. (311). The rules there given in more detail, may 
therefore be used; Rule 1, "when the Variation is West," being 
employed when the change has been a movement of the N. end 
of the needle to the East ; and Bulb 2, " when the Variation is 
East," being employed when the N. end of the needle has been 
moving to the West. 

If the compass has a Vernier, it can be set for the change, once 
for all, precisely as directed in Art. (312), and then the courses 
can be run out as given in the deed, the correction being made by 
the instrument. 

(332) Example. The following is a remarkable case which 
recently came before the Supreme Court of New-York. The 
North line of a large Estate was fixed by a royal grant, dated in 
1704, aa a duo East and West line. It was run out in 1715, 
by a surveyor, whom we will call Mr. A. It was again surveyed 
in 1765, by Mr. B. who ran a course N. 87° 30' E. It was run 
out for a third time in 1789, by Mr. C. who adopted the course 
N. 86° 18' E. In 1845 it was surveyed- for the fourth time by 
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Mr. D. mth a course of N. 88° 30' E. Ho found old " 
and "blazes" of a former survey, on his line. They are also found 
on another line, South of his. Which of the preceding courses 
were correct, and where does the true line lie ? 

The question was investigated as follows. There were no old 
records of variation at the precbe locality, but it lies between the 
lines of equal variation which pass through New-York and Boston, 
its distance from the Boston liue being about twice its distance from 
the New-York line. The records of those two cities (referred to 
in Art. (317)) could therefore be used in the manner explained 
in Art. (318). For the later dates, observations at New-Haven 
could serve as a check. Combining all these, tKe author inferred 
the variation at the desired place to have been as follows : 
In 1715, Variation S^ 02' West. 

In 1765, " 5° 32' " Decrease since 1715, 2° 30'. 

In 1789, " 5° 05' " Decrease since 1765, O^ 27'. 

In 1845, " 7° 23' " Increase since 1789, 2° 18'. 

We are now prepared to examine the correctness of the allowances 
made by the old suiTCyors. 

The course run by Mr. B. in 1765, N. 87^ 30' E. made an 
allowance of 2° 30' as the decrease of variation, agreebg precisely 
with our calculation. The course of Mr. C. in 1789, N. 86° 18' 
E., allowed a change of 1'^ 12', which was wrong by our calcular 
tion, which gives only about 27', and was deduced from three dif- 
ferent records. Mr. D. in 1845, ran a course of N. 88° SO' E, 
calling the increase of variation since 1789, 2^ 12'. Our estimate 
was 2° 18', the difference being comparatively small. Our con- 
clusion then is this: the second surveyor retraced correctly tlie line 
of the first : the third surveyor ran out a new and incorrect line : and 
the fourth surveyor correctly retraced the line of the third, and found 
his marks, but this line was wrong originally and therefore wrong 
now. AU the surveyors ran their lines on the supposition thattho 
original " due East and West line " meant East and West as the 
needle pointed at that time. 

The preponderance of the testimony as to old land marks agreed 
with the results of the above reasoning, and the decision of the 
court was in accordance {herewith. 
14 
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In the above figure t!ie horiaontal and vertical lines represent 
true East and North lines ; and the two upper lines rnnning from left 
fo right represent the two lines set out by the sun'ejors and in the 
years, there named. 

(323) Remedy for the evils of the Secular change. The 

only complete remedy for the disputes, and the uncertainty of 
bounds, resulting from the continued change in the variation, is 
this. Let a Meridian, i. e. a true North and South line, he estab- 
lished in every town or county, by the authority of the State ; 
monuments, such as stones set deep in the ground, being placed at 
each end of it. Let every surveyor be obliged by law to test his 
compass by this line, at least once in each year. This he could 
do as easily as in taking the Bearing of a fence, by setting his 
instrument on one monument, and sighting to a staff held on the other. 
Let the variation thus ascertained bo inserted in the notes of the 
survey and recorded in the deed. Another surveyor, years or 
centuries afterwards, could test his compass by taking the Bearing 
of the same monuments, and the difference between this and the 
former Bearing would be the change of variation. He could thus 
determine with entire certainty the proper allowance to be made 
(as in Art, (321)) in order ia retrace the original line, no matter 
how much, or how irregulai-ly, the variation may have changed, or 
Low badly adjusted was the compass of the original survey. Any 
permanent line employed in the same manner as the meridian line, 
would answer the same purpose, though less conveniently, and every 
surveyor should have such a line at least, for his own use.* 

" This remedy aeoma to have been first ans!;eate(l by Ritteiihouap. It haa aiiici' 
been i-eoommendetl by T. Sopwitb, in 1^2; by E. F. Jofjiison, izi 1831, and bv 
W. Eoberta, of Tcoy, in 1839. The eiTors of re-suivej;s, in wliich the chnnjie 
is neglected, were Dotioed in Ihe " Philosophical Tranaacliona," aa long ago as 1679. 
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PUOBLEM IN PRACTICAL SURVEYIM: 



DEMONSTRATED BY MEANS OF TRANSVERSALS. 



BY W. J£. GILLESPrE, 
Piofessar of Civil Engineering in UnioD College. 
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ON PRACTICAL SURVEYING. 



Let a and B represent two points, inaccessible, and invisible 
from one another. Let it be required to find a third point, 0, in 
the line of A and B, but invisible from them. It is supposed 
that uo means of measuring cither distances or angles are at 
hand. 




The problem may be solved thus Set three stakes, D, E, F, 
in a straight line Set a stake, &, m the line of DB and EA ; 
set & bt^]^.e, H, m the line of J A, and n stake, J, in the line of 
FE, and at the s'^me time m the line oi GH. Then range out 
the lines DH and EJ, which will meet m a point, C, which will 
be the one required. Any number of such may be similarly 
obtained to venfy the work. 

This problem is given in a recent number of the Vienna En- 
gineer's Journal [Zeitschrift des Oesterreichisclicn IngenieurVereines, 
1856, p. 245) by an Austrian mathematician, who represents it 
as employed by practical surveyors, hut as not having any known 
geometrical proof. He proceeds to give an analytical investiga- 
tion of it, saying, " I have in vain tried to prove the problem 
in the synthetic way, by pure geometry." The "Theory of 
Transversals," however, the foundation of the " Recent Geome- 
try," or " Geometry of Segments," (too little cultivated beyond 
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a smal] circle of French geometers) will furnish a simple and 
perfect demonstration, as follows. 

The theorem to be proved is equivalent to the assertion that if 
A, B, 0, and D, E, F, lie respectively in two straight linea, and 
lines be drawn as in the figure, then will the intersections G, H, J, 
lie in one and the same straight line. 

Conceive the two given lines produced to meet in Z, beyond 
the limits of this figure. The triangle BFZ is so cut by tlio trans- 
vei-sal CE as to give the equality 

BJXFEXZC=JFXEZX150.' 
TbR triangle AFZ, cut by CD, gives FHxAGxDZ—HAxCZXl'D." 
The triangle ABG, cut by CD, gives BCxALxGD=BDxCAXOL.« 
The triangle DEG, cut by CZ, gives GAXEZXBD=EAXDZXBG.* 
The triangle DEG, cut by AF, gives GKxDFxAE=KDxBPXAG.* 
The triangle AGE, cut by HD, gives KDxGLx AH~GDX ALxKH.* 

Multiplying together the corresponding members of these six 
equations, we get a new one containing eighteen factors on each 
side. Of Ihese, fifteen factors in each member can be cancelled, 
and wo have left BJxFHxGK=JFxEGxKH. This shews,t 
that the points G, H, J, lie in a straight line, which is a trans- 
versal to the triangle BFK. 

What Poinsot said, forty years ago, that " The simple and 
fruitful principles of this ingenious theoiy of transversals de- 
serve well to be admitted into the number of the elements of 
i even more true and desirable at the present time. 



* Ev the theorem " If a straigbt line be drawn bo as i^ cut sny two eiiios nf a 
triangfe nni3 llie third side, one or all being prolonged, tbns dividing th::m into eix 
sPgrncnta (the prolongod eidc9 and the prolongatjons being taken ns eogments) then 
will the product of any three of those segments whoso esttemitiss arc not conHga- 
0U8, be equal \» the product of the other three eegmeutB." 

f Bj the converse of tlio preceding theorem. 
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PAET IV. 

TRANSIT AND THEODOLITE SURVEYING: 

By the Third Method. 



CHAPTER I, 



THE INSTRDIUENTS. 
(334) The Transit and The Theodolitb (figures of which are 
^ven on the next two pages) are G-oniometers, or Angle-Measurers. 
Each consists, essentiajly, of a circular plate of metal, -eupported in 
such a manner as to be horizontal, and divided on its outer circum- 
ference into degrees, and parts of degrees. Through the centre of 
diis plate passes an upright axis, and on it is fixed a second circu- 
lar plate, which nearly touches the first plate, and can turn freely 
around t« the right and to the left:. This second plate carries a 
Telescope, which rests on upright standards firmly fixed to the 
plate, and which can he pointed upwards and downwards. By 
the combination of this motion and that of the second plate around 
its axis, the Telescope can be directed to any object. The second 
plate has some mark on its edge, such as an arrow-head, which 
serves as a pointer or index for the divided circle, like the hand of 
a clock. When the Telescope is directed to one object, and then 
turned to the right or to the left, to some other object, this index 
which moves with it, and passes around the divided edge of the 
other plate, points out the arc passed over by this change of direc- 
tion, and thus measures the angle made by the lines ima^ned to 
pass from the centre of the instrument to the two objects. 
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THE TRANSIT. " 
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The Instrnmcnts. 
THE THEODOLITE. 

Fig. 213 
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214 TRAIVSIT AIVD THEODOLITE SBRVEriiVC. [part iv. 

(S25) Uistinction. Tlie preceding description applies to both 
the Transit and the Theodolite. Eut an essential difference 
between tliem is, that in the Transit the Telescope can turn com- 
pletely oTer, BO as to look hoth forward and backward, while in 
the Theodolite it cannot do so. Hence the name of the Transit.* 

This capabiht^ of reversal enables a straight line to he prolonged 
from one end of it, or to be ranged out in both directions from any 
one point. The Telescope of the Theodolite can indeed be taken 
out of the Y shaped supports in which it rests, and be replaced 
end for end, but this operation is an imperfect substitute for the 
revolution of the Telescope of the Transit. So also is the turning 
halfway around of the upper plate which carries the Telescope. 

The 'ITieodolite has a level attached to its Telescope, and a vertical 
circle for measuring vertical angles. The Transit does not usually 
have these, though they are sometimes added to it. The instru- 
ment may then be named a Transit-Theodolite. It then corre- 
sponds to the altitude and azimuth instrument of Astronomy. As 
the greater part of the points to be explained are common to both 
the Transit and the Theodolite, the descriptions to be given may 
be regarded as applicable to either of the irstruments, except when 
the contrary is expressly stated, and some point peculiar to either 
is noticed. 

(336) The great value of these instruments, and the accuracy 
of their mcasui'Cinents of angles are due chiefly to two things ; to 
the Telescope, by which great precision in sighting to a point is 
obtained ; and to the V&rnier Scale, which enables minute portions 
of any arc to be read with ease and correctness. The former 
asEUsts the eye in directing the line of sight, and the latter aids it 
in reading off the results. Arrangements for ^ving slow and 
steady motion to the movable parts of the instruments add to tlie 
value of the above. A contrivance for Eipeating the observation 
of angles still farther lessens the unavoidable inaccuracies of 
these observations. 
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The inaccurate division of the limb of the instmmcnt is also 
averaged and thus diminished by the last an'angement. Its want 
of true "centring," is remedied by reading off on opposite sides 
of the circle. 

Impeifeelaons in the parallelism and perpendicularity of the parts 
of the instrument in which those qualities are required, are cor- 
rected by vEwious " adjustments," made by the various screws 
whose heads appear in the engi-avings. 

The arrangements for attaining all these objects render necessary 
the numerous parts and apparent complication of the instrument. 
But this complication disappears when each part is exaauned in 
turn, and its nses and relations to the rest are distinctly indicated. 
This we now propose to do, after explaining the engravings. 

(327) In the figures of the instruments, given on pages 212 and 
213, the same letters refer to both figures, so far as the parts are 
common to both.* L is the limb or divided circle. V is the 
index, or " Vernier," which moves around it. In the Transit, only 
a small portion of the divided limb is seen, the upper circle (which 
in it is the movable one) covering it completely, so thatvonly a 
short piece of the arc is visible through an opening in the upper 
plate. S, S, are standards, fastened to the upper plate and sup- 
porting the telescope, EO. G is a compass-box, also fastened to 
the upper plate, e is a clamp^crew, which presses together the two 
plates, and prevents one from moving over the other, t is a tangent- 
screw, or slow-motion screw, which gives a slow and gentle motion 
to one plate over the other. C is a clamp-screw which fastens the 
lower plate to the body of the instrument, and thus prevents it from 
moving on its own axis. T is the tangent^crew to give this part a 
slow-motion. P and P' are parallel plates through which pass four 
screws, Q, Q, Q, Q, by which the circular plate L is made level. 



* The arrangements of these instriimenta are differently macla by almost every 
maker; bnt any form of tbem being thoroughly underetood, any new one will 
canse no difficulty. The iigare of the Tvanait waa drawn from one made by W. 
& L. E. Qurley, of Troy, N. Y. to the latfec of whom the Author is indebted for 
some valuable information respecting the details of the instrument. The Theodo- 
lite is of the favorilH English ibriu. 
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as iJotennined by the bubbles in Qie small spirit levels, B, B, of 
wHcli there are two at right angles to each other. 

In the figure of the Theodolite, the large level b, and the semi- 
circle NN arc for the purposes of Levelling, and of measuring 
Vertical angles. They will therefore not be described in this place. 

(328) As the value of either of these instnimenia depends 
greatly on the accurate fitting and bearings of tlie two concentric 
vertical axes, and as tJieir connection ought to be thoroughly under- 
stood, a vertical section through the body of the instrument is 
^vea in Fig. 214, to half the real size. The tapering spkidle or 



mverted fnistum of a cone, marked AA, supports the upper plate 
EB, which carries the index, or Verniers, V, V, and the Telescope. 
The whole bearing of this plate is at C, C, on the top of the hollow 
inverted cone EE, in which the spindle turns freely, but steadily. 
This interior position of the bearing? preserves them from dust 
and injury. This hollow cone carries the lower or graduated plat«, 
and it can itself turn around on the bearings D, D, carrying with it 
the lower circle, and also the upper one and all above it. 

The Vernier scales V, V, are attached to the upper plate, but 
lie in the same plane as the divisions L, L, of the lower plate, (so 
that the two can be \'iewed together, without parallax,) and are 
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The Instruments. 



Nith glass, to exclude duat and moisture. In 
the figure the hatchings are drawn in different directions 
on the parts ivhich move with the Vernier, and on 
those which move only with the hmb. 

(329) The Telescope. This is a combination of 
lenses, placed in a tube, and so arranged, in accordance! 
with the laws of optical science, that an image of any 
object to which the Telescope may be directed, is formed 
within the tube, (by tJie riys of light coming from 
the object and bent in passing through the object-glass) 
and there magnified by an Eje-glass, or Eye-piece, com- 
posed of several lenses. The arrangement of these lenses 
are very various. Those two combinations, which are pre- 
ferred for surveying instnimentB, will be here explained. 

Kg. 215 represents a Telescope which inverts objects. 
Any object is rendered visible hj every point of it send- 
ing forth rays of hght in every direction. In this figure, 
the Itighest and lowest points of the object, which here is 
an arrow, A, are alone considered. Those of the rays 
proceeding from them, which meet the object-glass, 0, 
form a cone. The centre line of each cone, and its ex- 
treme upper and lower lines are alone shown in the 
figuro. It will be seen that these rays, after passing 
through the object-glass, are refracted, or bent, by it, 
so as to cross one another, and thus to form at B an 
inverted image of the object. This would be rendered 
visible, if a piece of ground glass, or other semi-transpa- 
rent substance, was placed at the point B, which is called 
ihefoeuB of the object-glass. The rays which form this 
image continue onward and pass through the two lenses 
C and It, which act like one magnifying glass, so that 
the rays, after being refracted by them, enter the eye 
at such angles as to form there a magnified and inverts 
ed image of the object. This combination of the two 
plano-convex lenses, C and D, is known as " Ramsden's 
Eye-piece." 
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This Telescope, inverting objects, shows them upside j,.,^^ ^j^. 
down, and the right side on the left. They can be 
shown erect hj adding one or two more lenses as in the 
mar^al figure. But as these lenses absorh light and les- 
sen the distinctness of vision, the former arrangement is 
preferable for the glasses of a Transit or a Theodolite. 
A little practice makes it equally convement for the 
observer, who soon becomes accustomed to seeing his 
flagmen standing on their heaiJs, and soon learns to 
motion them to the right when he wishes them to go to 
the left, ajid vice versa. 

Figure 216 represents a Telescope which shows ob- 
jects erect. Its eye-piece has four lenses. The eye- 
piece of the common terrestrial Telescope, or spy-glass, 
has three. Many other combinations may be used, all 
intended to show the object achromatieally, or free fi-om 
felse coloring, but the one here sho^Tn is that most gene- 
rally preferred at the present day. It will be seen that 
an inverted image of the object A, is formed at B, as 
before, but that the rays continuing onward are so 
refracted in passing through the lens C as to again 
cross, and thus, after farther refraction by the lenses D 
and E, to form, at F, an erect Image, which is magni- 
fied by the lens Gf. 

Tn both these figures, the limits of the page render 
it necessary to draw tlie angles of the rays very much 
out of proportion. 

(330) Cross-hairs. Since a considerable field if 
view is seen in looking through the Telescope it is 
necessary to provide means for directing the line oi '*ic,ht 
to the precise point which is to be observed This 
could be effected by placing a very fine point, such as 
that of a needle, within the Telescope, at some place 
where it could be distinctly seen. In practice this fine 
point is obtained by tlie intersection of two very fine 
lines, placed in the common /ocms of the object-glass and 
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ot the eye-piece. These lines are called the cross-hairs, or cross- 
wires. Their intersection can be acea through the eye-piece, at 
the same time, and apparently at the same pla«e, as the image of the 
distant object. The magnifying powers of the eye-piece will then de- 
tect the slightest deTiation from perfect coincidence. " This applicar 
tion of the Telescope may be considered as completely annihilat- 
ing that part of the error of observation which might otherwise 
arise from an erroneous estimation of the direelaon in which an 
object hes from the observer's eye, or from the centre of the instru- 
ment. It is, in fact, the grand source of all the precision of modem 
Astronomy, without which all otJier refinements in instrumental work- 
manship would be thrown away." What Sir John Horschei here 
says of its utility to Astronomy, ia equally applicable to Surveying. 

The imaginary line which passes through the intersection of the 
cross-hsurs and the optical centre of the object-glass, is called the 
line of colUmation of the Telescope * 

The cross-hairs are attached to a img, or shoit thick tube of 
brass, plEwed within the Tele- f,_ ^,7 

scope tube, through holes m |7 1 ^[7 

which pass loosely four sciews, '~ "| "^p 

(their heads being seen at a, / ^P^^ 

a, a, in Figs. 212 and 213), L ,1 , 

whose threads enter and take ^vw \ — V H^ ■ 

hold of the ring, behind or in W^,^*. \ y f ' 

front of the cross-haua, as ^^^^^^^fr^/ -l&i 

shown (in front view and in ^^^^^^^ gw Mdfc^ w 

section) in the two figures m ■"' ^ 

the margin. Their movements will be explamed m Chapter III. 

Usually, one eross-han is iioiizontal, and the p,„ g,B 
other vertical, as in Eg 21 T, but sometimes they 
are arranged as in Fig 218, which is thought to 
enable the object to be bisected with more preci- 
sion. A horizontal hair is sometimes added. 

The erras-hairs are best made of platinum wire, 
drawn out very fine by being previously enclosed 

" From llie Latin word CoUimo, oi- Cotlim 




Hosted by 



Google 



220 TRANSIT AiVD THEODOLITE SFRVEYliVG. [part iv. 

in a larger wire of silver, and the silver then removed by nitric 
jujid. Silk threa^ls from a cocoon are sometimes used. Spiders' 
threads are, however, the most usueJ. If a cross-hair is broken, 
the ring must; be taken out by removing two opposite screws, and 
inserting a wire with a screw cut on its end, or a stick of suitable 
size, into one of the holes thus left open in the ring, it being turned 
sideways for that purpose, and tlien removing the other screws . 
The spider's threads are then stretched across the notches seen in 
the end of the ring, and are fastened by gum, or varmsh, or bees- 
wax. The operation is a very delicate one. The following plan has 
been employed. A piece of wire is bent, as in the figure, so as to 
leave an opening a little wider than the Fig. ais. 

ring of the cross-hairs. A cobweb is eho- CSe^' I\A/\/\A/1 
sen, at the end of which a spider is hang- 
ing, and it is wound around the bent wire, A. 

as in the figure, the weight of the insect (^ 

keeping it tight and atretcliing it ready for use, each part being 
made fast by gam, &c. When a cross-hair is wanted, one of 
these is laid across the ring and there attached. Another method 
is to draw the thread out of the spider, persuading him to spin, if 
he sulks, by tossing him from hand to hand. A stock of such 
threads must be obtained in warm weather for the winter's wants. 
A piece of thin glass, with a horizontal and a vertical line etched 
on it, may be made a a 



(3S1) Instrnmental Parallax. This is an apparent movement 
of the cross-hairs about the object to which the line of sight is 
directed, taking place on any slight movement of the eye of the 
observer. It is caused by the image and the cross-hairs not being 
precisely in the common focus, or point of distinct vision of the 
eye-piece and tho object glass. To correct it, move the eye-piece 
out or in till the cross-hairs are seen clearly and sharply defined 
against any white object. Then move the object glass in or out 
till the object is also distinctly seen. The ero^-hairs will then 
seem to be fixed to the object, and no movement of the eye will 
cause them to appear to change their place. 
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(3<{2) The milled-headed screw seen at M, passing into the tele- 
scope has a pinion at its other end entering a Fig, aao. 
toothed rack, and is used to move the object glass, ^^AnAr^^i^liW 
0, ont and in, according as the object looked at is %a:^ 

nearer or fartiier than the one last obserred. Short distances 
require a long tube : long distances a short tube. 

The eye-piece, E, is usually moved in and out by hand, but a 
similar arrangement to the preceding is a great improvement. This 
movement is necessary in order to obt^n a distinct view of the 
cross-hairs. Short-sighted persons require the eye-piece to be 
pushed farther in than persons of ordinary sight, and old or long- 
sighted persons to have it drawn further out. 

(333) Supports. The Telescope of the Transit is supported 
hj a hollow axis at right angles to it, which itself rests at each end, 
on two upright pieces, or standards, spreading at their bases so as 
to increase their stability. In the Theodolite, tlie telescope rests 
at each end in forked supports, called ys, from their shape. 
These Ys ^^^ themselves supported by a cross-bar, which is car- 
ried by an axis at right angles to it and to the telescope. This 
axis rests on standards similar to those of the Transit. The Tele- 
scope of the Theodolite can be taken out of the Ys, and turned 
" end for end." This is not usual in the Transit. Either of the 
above arrangements enables the Telescope to be raised or depressed 
so as to suit the height of the object to which it is directed. A 
telescope so disposed is called a "plun^ng telescope." 

In some instruments there is an arrangement for raising or low- 
ering one end of the axis. This is sometimes required for reasons 
to be given in connection with " Adjustments." 

(334) The Indexes. Thesupports, or standards, of the telescope 
just described are attached to the upper, or index-carrying circle.* 
This, as has been stated, can turn freely on the lower or graduated 
circle, by means of its conical Eixis moving in the hollow conical 
axis of the latter circle. This upper circle carries the index, V, 
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wMch ia-an arrow-head or other mark on its edge, or the zero-point of 
a Vernier scale. There are usually two of these, situated exactly 
opposite to each other, or at the extremities of a diameter of the 
upper circle, 80 that the readings on the gi-aduated circle pointed out 
by them differ, if both are correct, exactly 180^. The object of this 
an'angement is to correct any error of eceentHdty, arising from the 
centre of the axis which feames the upper circle, (and with which it 
and its index pointers turn), not being precisely m the centre of the 
graduated circle. In the figure, let C Fig^aai. 

be the true centre of the graduated cir- 
cle, but 0' the centre on ivhieh the plate 
carrying the indexes turns. Let AC'B / 1 
represent the direction of a sight taken ■ ' 
to one object, and D'C'E' the direction 
irben turned to a second object. The 
angle subtended by the two objects at 
the centre of the instnunent is requir- 
ed. Let DE be a line passing through C, and parallel to D'E'. 
The angle ACD equals the required angle, which is therefore truly 
measured by the arc AD or BE. But if the are shown by the 
index is read, it will be AD' on one side, and BE' on the other ; 
the first being too small by the arc DD' and the other too large by 
the equal are EE'. If however the half-sum of the two arcs AD' 
and BE' be taten, it will equal the true arc, and therefore correctly 
measure the angle. Thus if AD' was 19°, and BE' 21°, their 
half sum, 20", would be the correct angle. 

Three indexes, 120^ apart, are sometimes used. They have the 
advantage of averaging the unavoidable inaccuracies and iuequah- 
ties of graduation on different parts of the limb, and thus diminish- 
ing their effect on the resulting angle. Fig- 2aa. 

Four were used on the large Theodolite of 
the English Ordnance Survey, two, A and B, 
opposite to each other, and two, C and D, 120'^ 
from A and from each other. The half-sum or 
arithmetical mean, of A and B was taken, then , 
the mean of A, C, and D, and then the mean 
of these two means. But this was wrong, for 
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it gave too great value to the reading of A, and also to E, tliough 
in a leas dogrce ; since the share of each Vernier in the final mean 
was as follows; A= 5, B = 3, C= 2,D = 2. This results from 

the expression ior that mean, = J !■ ■-■ ■ ■■ + 1 ^= ^'^ 

(5 A + 3 B + 2 C + 2 D). 

(S35) The graduated circle ■ tliis is divided into three hun- 
dred and sixty equal parts, or Degrees, and each of these is sub- 
divided into two or three parts or more, according to the size of the 
instrument. In the first case, the smallest division on the circle will 
of com'se he 30'; in the second case 20'. More precise reading, to 
single minutes or even less, is effected by means of the Vernier of 
the index, ail the varieties of which will be fully explained in the 
next chapter. The numbers run from 0*^ around to 360^, which 
number is necessarily at the same point as the 0, or ^ero-foint* 
Each tenth degree is usually numbered, each fifth degree is distia- 
gubhed by a longer line of division, and each degree-division line 
is longer than those of the sub-divisions. A magnifying glass is 
needed for reading the divisions with ease. In the Theodohte 
engraving this is shown at m. It should be attached to each 
Vernier. 

(836) HovcmCDts. When the line of sight of the telescope is 
directed to a distant well-defined point, the unaided hand of the 
observer cannot move it with sulficient delicacy and precision to 
make the intersection~of the-cross Iraii's-exactly cover or "bisect" 
that point. To effect this, a clamp, and a Tangent, or slow-motion, 
screw are required. This arrangement, as applied to the move- 
ment of the upper, or Vernier plate, consists of a short piece of 
brass, D, which is attached to the Vernier plate, and through 
which passes a long and fine-threaj3ed " Tangent^crew," t. The 
other end of this screw enters into and carries the clamp. This 
conasts of two pieces of brass, wMch, by turning the clamp-screw 
c, which passes ti.rough them on the outside, can be made to take 

corceHtrio circle on which the degrees 
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hold of and pincli tightly tlie edge of the lower circle, which lies 
hetwecn them on the inside. The upper circle is now prevented 
from moving on the lower one ; for, the tangentscrew, passing 
through hollow screws in both the clamp and the piece D, keeps 
them at a fixed distance apart, so that they cannot move to or from 
one another, nor consequently the two circles to which they are 
respectively made fast. But when this tangent^crew is turned by 
its miiled-head, it ^ves the clamp and with it the upper plate a 
smooth and slow motion, backward or forward, whence it is called 
the " Slow motion screw," as weU as " Tangent-screw," from the 
direction in which it acta. It is always placed at the eonth end 
of the compass-box. 

A little different arrangement is employed to give a similar 
motion to the lower circle (which we have hitherto regarded as 
immovable) on the body of the instrument. Its axis is embraced 
by a brass ring, into which enters another tangeQl>ficrew, which 
also passes through a piece fastened to the plate P. The clamp- 
screw, C, causes the ring to pinch and hold immovably the axis of 
the lower circle, while a turn of the Tangent-screw, T, mil slowly 
move the clamp ring itself, and therefore with it the lower circle. 
When the clamp is loosened, the lower circle, and with it every 
thing above it, has a perfectly free motion. A recent improvement 
is the employment for this purpose of two tangent screws, pressing 
against opposite sides of a pieae projecting from the clamp-ring. 
One is tightened as the other is loosened, and a very steady mo- 
tion is thus obtmned. 

(537) Levels. Since the object ot the m&tiument is to measure 
hyrieontal angles, the circular plite on which they are measured 
must itself be made horizontal. Whether it v> =!o or not is known 
by means of two small levels placed on the plate at right angles to 
each other. Each consists of a glass tube, shghtly curved upward 
m its middle and so nearly filled mth alcohol, that only a small 
bubble of ail' is left in the tube. This alwnys rises to the higlicT 
part of the tubes. They are so "adjusted' (as will he explained 
in chapter III) that when this bubble of air is in the middle of 
the tubes, or its ends equidistant from the central mark, the plate 
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on which they are fastened shall be level, vfhich way soever it may 
be turned. 

The levels are represented in tbe figure of the Transit, on page 
212, as being under the plate. Thej are semetimea placed above 
it. In tbat case, the Verniers are moved to one side, between the 
feet of the standards, and one of the levels is fixed between the 
standards above one of the Verniers, and the otber on the plate at 
the south end of the c 



(338) Parallel Plates. To raise or lower either side of tLe 
circle, so as to bring the bubbles into the centres of the tabes, 
requires more gentle and steady movements than the unaided bands 
can ^ve, and is attained by the Parallel Plates P, P', (so called 
because they are never parallel except by accident), and their 
four screws Q, Q, Q, Q, which hold the plates firmly apart, and, by 
being turned in or out, raise or lower one side or the other of the 
upper plate P', and thereby of the graduated circle. The two 
plates are held together hj a ball and socket joint. To level the 
instrument, loosen the lower clamp and turn the circle till each 
level is parallel to tbe vertieal plane passing through a pair of 
opposite screws. Then take hold of two opposite screws and turn 
them simultaneously and equally, but in contrary directions, screw- 




ing one nanlth ther ut, ii lov 1^ tl e ino smthefigures, 
A rale easily remembered is that both thumbs must turn in, or both 
out. The movements represented in the first of these figures would 
raise the loft-hand side of the circle and loiver the right-hand side. 
The movements of the second figure would produce the reverse 
effect. Care is needed to turn the opposite screws equally, so that 
they shall not become so loose that the instrument will rock, or so 
tight as to be cramped. When this last occurs, one of the other 
pair should be loosened. 

15 
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Sometimes one of each pair of the sci-cws is replaced by a strong 
spring against which the renaaining sereivs act. 

The French and German instruments are usually supported by 
only three screiTs. In such cases, one level is brought parallel to 
one pair of screws and levelled by them, and the other level has 
its bubble brought to its centre by the third screw. If there is 
only one level on the instrument, it is first brought parallel to one 
pair of screws and levelled, and is then turned one quarter around 
so 38 to be perpendicular to them and over the third screw, and the 
operation is repeated. 

(339) Watch Telescope. A second Telescope is sometimes 
attached to the lower part of the instrument. When a number of 
angles are to be observed from any one station, direct the upper 
and principal Telescope to the first object, and then direct the 
lower one to any other well-defined point. Then make all the 
desired observations with the upper Telescope, and when they are 
finished, look again through the lower one, to see that it and there- 
fore the divided circle has not been moved by the movements of 
the Vernier plate. The French call this the Witness Telescope, 
(^I/UTtette temoin). 

(3-ii)) Til* Compass. Upon the upper plate is fixed a compass. 
Its use has been fully explained in Part III. It is little used in 
connection with the Transit or Theodolite, which are so incomparar 
bly more accurate, except as a " check," or rough test of the 
accuracy of the angles taken, which should about equal the differ^ 
ence of the magnetic bearings. Its use Avill bo farther noticed in 
Chapter IV, on " Field Work." 

The name of " Surveyor's Transit" has been given to a modifi- 
cation of the " Engineer's Transit," enabling the compass to be set 
so as to run lines with an allowance for the magnetic variation, as 
was explained in Art. (312). This cannot be done in the instru- 
ment which has been described. 

(341) TbCOdolites. The distinctive pecuharities of the ordi- 
nary Theodolite have been explained in connection with those of 
the Transit. Some modifications will now he described. 
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Twc Telescopes, one exietly under the otliei, so that their lines 
of colhmition iie in the same vertnil plane, have been attached 
to a Theodolite, f>r the puipose of iinging a strnght line fonvard 
and backwird, as a luhatitute foi the much more elegant operation 
of revcr''ion as m the Ttansit 

A remarkable arrangement, made by truiley, of Troy, had an 
object-gl'tes, an eye-glaas, and a pair of croiis hairs at each end of 
the instinment, tho eye glass btmg bct m a skeleton frame SO as to 
obstruct the light aa little as possible. The focus of each glass 
was so adjusted that the Telescope could be looked through in 
either direction. 

Two Telescopes, mounted one above the other, and one attached 
to the graduated circle and the other to the Vernier plate, have 
also been used. With these the angle subtended at the instru- 
ment, can be measured at once, each object having a Telescope 
directed to it at the same moment, thus avoidmg any danger of 
slipping, and rendering unnecessary a Watch Telescope, for which 
s serves as a more perfect substitute. 



(342) flJoniasmomctrc A iny compact m 
strument to which the above name has been 
given in France, where it is much used, is ihonn 
in the figure. The upper half of the cyhnilLi i'; 
movable on its lower halt The obseivitmu 
may be taken through the shts, as m the bun l} 
or's Cross, or a Telescope ma> be added to it 
Readings may be taken both fiom the compass, 
and from the divided ed^e of the lonei hnlf of 
the cylinder, by means of i Vermel on the 
upper half.* 



*The[ 



roper 



enfiii 




hed, ihey should be wiped gently wilh fine aiicl 
clean linep. If polished with oil, the; should be rubb d 
more slrongly. The parts neither varnished nor oileJ, ehonld 
be cleaned with Spaiiiati while and alcohoL Vaniiehed wood, wben spotted, 
ahoald be wiped with very soft linen, moistened with a little olive oil oi alcohol. 
Untainted wood is cleaned with aand-paper. Apply olive oil where stpel rubs 
8"ainBt brass; and was softened by tallow wheie hiaas mbs ft nmt biaaa. — 
Clean the glasses with kid nr buck skin. Wash ih-ii il C ifnd « itii alcohol. 
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TERMERS. 

(313) Definllloilt A Vernier is a contrivaacG for measuring 
smaller portions of space tlian those into which a line is aetuaJly 
divided. It consists of a second line or scale, movable by the side 
of the first, and divided into equal parts, which are a very little 
shorter or longer than the parts into ivhich the first line is divided. 
This small difference is the space which we are thus enabled to 
measure.* 

The Vernier scale is usually constructed by talting a length 
equal to any number of parts on the divided line, and then dividing 
this length into a number of equal parts, one more or one less than 
the number into which the same lengtii on the original line is di- 
vided, 

(344) I II list ratio D< The figure represents (to twice the real 
size) a scale of inches divided into tenths, with a Vernier scale 
beside it, by which hundredths of an inch can be measured. The 
Fig. S25. 
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Vernier is made by setting off on it 9 tenths of an inch, and divid- 
ing that length into 10 equal parts. Each space on the Vernier 
is therefore equal to a tenth of nine-tenths of an inch, or to nine- 
hundredths of an inch, and is consequently one-hundredth of an 
inch shorter than one of the divisions of the ori^al scale. The 

• The Vernier is^ so named from its iavenlor, in 1631. The name " Nonius," 
often improperlj given to it, belongs to ati entirely diiTerent comi-ivance for a 
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first apace of the Vernier -will therefore fall short of, or be over- 
lapped by, the first space on tho scale by this one-hunilredth of an 
inch'; the second space of the Vernier will fall short by hvo-hun- 
dredtha of an inch ; and so on. If then the Vernier be moved up 
by tbe side of the original scale, so that the line marked 1 coin- 
cides, or forms one straight line, with the line of the scale -which 
was just above it, we know that the Vernier has been moved one- 
hundredth of an inch. If the line marked 2 comes to coincide 
with a line of the scale, the Vernier has moved up two-hundredths 
of an inch ; and so for other numbers. If the position of the 
Fig. 226, 






rrrrr 
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Vernier be as in this figure, the line marked 7 on the Vernier 
corresponding with some line on the scale, the zero line of the 
Vernier is 7 hundredths of an inch above the division of the scale 
next below this zero Ime. If this division be, as in the figure, 
8 inches and 6 tenths, the reading will be 8-67 inches.' 

A Vernier like this is used on some levelling rods, being engraved 
on the sides of the opening in the part of the target above its 
nuddle line. The rod being divided into hundredths of a foot, this 
Vernier reads to thousandths of a foot. It is also used on some 
French Momitain Barometers, which are divided to hundredths of 
a metre, and thus read to thousandths of that unit. 

(345) General rules> To find what any Vernier reads to, 
i. e. to determine how small a distance it can measure, observe 
how many parts on the original line are equal to the same number 
increased or diminished by one on the Vernier, and divide the 

' The student will do well to draw 8Hch a scale and Vernier on two slips of 
thick paper, and move one beside (ho other till he can read tliem in any possible 
position ; and so with the following Verniers. 
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length of a part on the original line by this last number. It will 
give the required distance.* 

To read any Vernier, firstly, look at the zero line of the Ver- 
nier, (which is sometimes marked by an arrow-head), and if it 
coincides with any division of the scale, that will ho the con-ect 
reading, and the Vernier divisions are not needed. But if, as 
usually happens, the zero line of the Vernier comes betneen any 
two divisions of the sealc, note tho nearest next less division on the 
scale, and then look along the Vernier till you come to some line 
on it which exactly coincides, or firms a straight line, i\ith 6ome 
hne (no matter which) on the fixed scale. The number of this 
line on the Vernier (the 7th in the last figure) tells that so many 
of the sub-divisions which the Vernier indicates, are to be added to 
the reading of the entire divisions on the scale. 

When several lines on the Vernier appear to coincide equally 
with lines of the scale, take the middle line. 

When no line coincides, hut one line on the Vernier is on one 
side of a line on the scale, and the next Ime on the Vernier is as 
far on the other side of it, tho true reading is midway between those 
indicated by these two lines, 

(346) Retrograde Verniers. The spaces of the Vernier in 
modern instruments, are usually each shorter than those on the scale, 
a certain number of parts on the scale being divided into a larger 
number of parts on the Vemier.f In the contrary ease, J there is 
the inconvenience of being obliged to number the lines of the Ver- 
mer and to count thoii- coincidences mth the lines of the scale, in 
a retrograde or contrary direction to that in which the numbers on 
the scale run. We wiH call such arrangemente retrograde Verniers. 

* In AlgGbvaic language, let a eqnal the lenglti of one part on ihe originol line, 
snd o the unknown lenglh of one part on the Vevniev. Let m of the fonner = 

m-l-I of the latter. Then mj = (m + 1)5, « = — ^-s. j — b = i — 
t i. e. Algebraically, v — — — s. i i. p. When v = — 'ZZ~\'' 
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(347) Illnstration, In this figure, the scale, as before, repre- 
sents (to twice the real size) inches divided into tenths, but the 
Vernier is made by dividing 11 parts of tlie scale into 10 equal 
Kig, 527. 
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parts, each of which is therefore one-tenth of eleven-tenths of an 
inch, i. e. eleven-hundred ths of an inch, or a tenth and a hun- 
dredth. Each space of the Vernier therefore overlaps a space on 
the scale bj onohundredth of an inch. The manner of r 
this Vernier is the same as in the last one, except that the n 
run in a reverse direction. The rca^iing of the figure is 30.16. 

This Vernier is the one generally applied to the common Baro- 
meter, the zero point of the Vernier being brought to the level of 
the top of the mercury, whose height it then measures. It is also 
employed for levelling rods which read downwards from the middle 
of the target. 

(348) The figure below represents (to double size) the usual 
scale of the English Mountain Barometer.' The scale is first 
divided into inches. These are subdivided into tenths by the 




?^ c:^ -TO 

• This figure, and others in thia chapter, are from Bvce'a " rreseiit Practice," 
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longer lines, and the shorter lines again divide these into half- 
tenths, or to 5 hundredths. 24 of these smaller parts are set off 
OB the Vernier, and divided into 25 equal parts, each of which is 



25 

of the scale by .050 ~ .048 = .002, or two thousandths of an inch, 
a twenty-fifth part of a division on the scale, to -ivliich minuteness 
the Vernier can therefore read. The reading in the figure is 
S0.686, (80.65 by the scale and .036 by the Vernier), the dotted 
line marked D showing where the coincidence takes piaee. 



■'►" ; Circle divided into degrees. The following illustrar 
tiona apply to the measurements of angles, the circle being vari- 
ously divided. In this articie,-the circle is supposed to be divided 
into degrees. 

If 6 spaces on the Vernier are found to be equal to 5 on the 
circle, the Vernier can read to one-sixth of a space on the circle, 
i. e. to 10'. 

If 10 spaces on the Vernier are equal to 9 on the circle, the 
Vernier can read to one-tenth of a space on the circle, i, e. to 6'. 

If 12 spaces on the Vernier are equal to 11 on the circle, the 
Vernier can read to one-twelfth of a space on the circle, i. o. to 5'. 



Fig, 2i2i). 




The above figure shows such an arrangement. The index, or 
zero, of the Vernier is at a point beyond 358°, a certain distance, 
winch the coincidence of the third line of the Vernier (as indicated 
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by tlie dotted and crossed line) showa to he 15'. Tho whole read- 
ing ia therefore 358° 15'. 

If 20 spaces on the Vernier are ec^ual to 19 on the circle, the 
Vernier can read to one-twentieth of a division on the circle, 
i. e. to 3'. English compasses, or " Circumferentora," arc some- 
times thus arranged. 

If 60 spaces on the Vernier are eqnal to 59 on tlie circle, the 
Vernier can read to one-sixtieth of a division on the circle, i. e. to 1'. 



(350) Circle ^fridcd to 30'. Such a graduation is a very 
common one. The Vernier may be variously constructed. 

Suppose 30 spaces on the Vernier to he eijual to 29 on the 

circle. Each space on the Vernier ivill be ^ — ^ — = 29', 

and wjll therefore bo less than a space of the circle by 1', to which 
the Vernier will tlien read. 




The above figure showa this arrangement. The reading is 0°, 
or 360'. 

In the following figure, the dotted and crossed line shows what 
divisions coincide, and the reading is 20° 10'; the Vernier being 
the same as in the preceding figure, and its zero being at a point 
of the circle 10' beyond 20°. 
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Fig. 331. 




In the following figure, the reading is 20° 40', the index being 
at a point beyond 20° 30', and the additional space being shown 
by the Vernier to be 10'. 

Fig. 232. 
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Somotimos 30 spaces on the Vernier are equal to 31 on the circle. 

Each space on the Vernier will therefore be := — — = 31', and 

will be longer than a space on the circle by 1', to which it will 
therefore read, aa in tho last ease, but the Vernier will be " retro- 
grade." This is the Vernier of the compass, Fig. 148, The pecu- 
liar manner in which it is there applied is shown in Fig. 239. 
If 15 spaces on the Vernier are equal to 16 on the circle, each 

apace on the Vernier mil be = — 1^~^ " 

will therefore read to 2'. 



= 32', and tho Vernier 



(351) Circle divided to 20'. If 20 spaces on the Vernier 
are equal to 19 on the circle, each space of the latter will bo = 

— — — = 19', and the Vernier will read to 20' — 19' = V. 

If 40 spaces on the Vernier are equal to 41 on the circle, each 
space on the Vernier will be = — A(i~~~ = '^^h' > ^^^ ^^ ^^'^- 
nier will therefore read to 20^' — 20' = 30". It will be retro- 
grade. In the following figure the reading is 360°, or 0" ; and it 
will be seen that the 40 spaces on the Vernier (numbered to whole 
minutes) arc equal to 13° 40' on the limb, i. e. to 41 spaces, eaci 
of 20'. 
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If 60 spaces on the Vernier are equal to 59 on the circle, each 
of the former will be ^ — ^^ — - ^ 19' 40", and the Vernier 
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will therefore read to 20' — 19' 40" = 20". The foUowing figure 
shows such an arrangement. The reading in that position vrould 
be 40= 46' 20". 
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(352) Circle divWed to 15'. If 60 spaces on the Vernier are 
equal to 59 on the circle, each space on the Vernier will be = 

■ -, - ;; — = 14' 45", and the Vernier ■will read to 15". In the 

following figure tlie reading is 10° 20' 45", the index pointing to 
10° 15', and something more, which the Vei^nier shows to be 5' 45". 

Fig. 235. 
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(353) Circle divided to 10'. If 60 spaces on tlie Vernier be 
equal to 59 on the limb, the Vernier will read to 10''. In the 
following figure, the reading is 1° 25' 40", the reading on the 
circle being 7° 20', and the Vernier showing the remaining space 
to be 5' 40". 

Fig. 236. 
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(354) Reading; backw;ir<is. When an index carrying a Ver- 
nier 13 moved backwards, or in a contrary direction to that in 
which the numbers on the circle run, if we wish to read the space 
which it has passed over in this direction from the zero point, the 
Vernier must be read backwards, (i, e. the highest number be 
called 0), or its actual reading must be subtracted from the value 
of the smallest space on the circle. The reason is plain ; for, 
since the Vernier shows how far the index, moving in one direc- 
tion, has gone past one division line, the distance which it is from 
the next division lino (which it may be supposed to have passed, 
moving in a contrary direction), will be the difference between the 
reading and the value of one space. 

Thus, in Kg. 229, page 232, the reading is 358" 15'. But, 
coimtJng backwards .from the 360°, or zero point, it is 1° 45'. 

Caution on this point is particularly necessary in using small 
angles of deflection for railroad corves. 
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(355) Arc of excess. On the sextant and similar instru- 
ments, the divisions of tlie limb are carried onivard a short distance 
beyond the zero point. This portion of tlio limb is called the " Arc 
of excess." When the index of the Vernier points to this arc, the 
reading must be made as explained in the last article. Thus, in 
the figure, the reading on the arc from the aero of the limb to the 

Fig. 23- 



5 









D 






■ 1 1 






01 ^ 


lil 


11 III 1111 


1111 


111 III! 


iiJir f " 


A\_ 


miffl 


M 


^ip. 


10 9 8 7 


6 


5 4 3 


Z 


'i 



zero of the Vernier is 4" 20', and something more, and the reading 
of the Vernier from 10 towards to tiio right, -where the lines coin- 
cide, is 3' 20", (or it is 10' — 6' 40" = V 20"), and the entire 
readmg is therefore 4° 23' 20". 

(356) Double Verniers. To avoid the inconveniences of read- 
ing backwards, double Verniers are sometimes used. The figure 
below shows one applied to a Transit. Each of the Verniers is 
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like the one described in Art. (350), Figs. 230, 231, and 232. 
When the degrees are counted to the left, or aa the numbers nm, 
as is usual, the left-hand Vernier ia to be read, as in Art. (350) ; 
but when the degrees are counted to the right, from the 360° line, 
the right-hand Vernier ia to be used. 

(357) Compass-Vernier. Another form of double Vernier, 
often applied to the compass, is shown in the following figure. The 




limb 33 divided to half degrees, and the Vernier reads to minutes, 
30 parts on it being equal to 31 on the limb. But the Vernier is 
only half as long as in the previous case, going only to 15', the 
upper figures on one half being a sort of continuation of the lower 
figures on the other half. Thus in moving the index to the right, 
read the lower figures on the left hand Vernier (it being retro- 
grade) at any coincidence, when the space passed over is less than 
15' ; but if it be more, read the upper figures on the right hand 
Vernier : and viee versa. 
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CHAPTER III. 

ABjrSTIlIESTS. 

(358) The purposes for which the Transit and Theodolite (as well 
as moat surveying and astronomical instruments) are to be used, 
require and presuppose certain parts and lines of the instrument 
to be placed in certain directions with respect to others ; these re- 
spective directions being usually parallel or perpendicular. Such 
arrangements of their parts are called their Adjustments. The 
same word is also applied to placing these lines in these directions. 
In the following explanations the operations which determine 
whether these adjustments are correct, will be called their Verifi- 
cations ; and the making them right, if they arc not so, their Mec- 
tifications.' 

(339) In observations of horizontal angles with the Transit or 
the Theodolite,! it is required, 

1° That the circular plates shall be horizontal in whatever way 
they may be turned around. 

2° That the Telescope, nhen pointed forward, shall look in pre- 
cisely the rererse of its direction nhen pointed backward, i. e. that 
its two lines of sight (or lines of coUimation) forward and back- 
ward shall lie m the same plane. 

3° That the Telescope in turning upward or downward, shall 
move in a truly vertical plane, in order that the angle measured 
between a low object and a high one, may be precisely the same 
as would be the angle measured between the low object and a point 
exactly under the high object, and in the same horizontal plane as 
the low one, 

' It has been well saiiJ, tliac ■' In the present state of science il may be laid 
down as a maxim, that every inslniment snouU be an contrived, that the observer 
jufty easily eiamine and rectify the principal pnrla ; for, however careful the 
inBlrnment-malier may be, however perfect the execution thereof, it is not poasi- 
ble that any iastniineni shoald long remain accurately lixed in the position in 
which it caniB out of the taaker'a hands." — Adama' " Geometrical and Graphkot 
Esiayi," 1791. 

t The Thendolite adjuatinents, which relate only to levelling, or to mcasijrin|; 
vertical angles, will not be here diacuased. 
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We shall see that all these adjustments are finally resolyable 
into these ; 1st. Making the vertical axis of the instrument perpen- 
dicular to the plane of the levels ; 2d. MaJdng the lino of collima^ 
^on perpendicular to its axis ; and 3d. Making this axis parallel 
to the plane of the levels. They are all best tested by the invalu- 
able principle of " Reversion." 

We have now, firstly, to examine whether these things are so, 
that is, to '* verify" the adjustments ; and, secondly, if wc find that 
they arc not so, to maie them BO, i. e. to "rectify," or "adjust" them 
correctly. The above three requirements produce as many corre- 
iit 



(360) Fir^it adjastmenti To eamp the (i?cle to he lorizontal 
in every position * 

Vm-ifioatim — Turn the Vernier plate ivhieh carries the levels 
till one of them is p-uallel to one pair of the piiallei piate 
screws The other will then be parillel to the other jar Brmg 
each bullle to the middle of its tube, by thit pan of screws tt 
which it is parallel. Then turn the vernier plate half way around, 
i. e. till the index has passed over 180°. If the bubbles remain 
in the centres of the tubes, they are in adjustment. If either of 
them runs to one end of the tube, it requires rectification. 

Rectification. — The fault which is to be rectified is that the 

plane of the level (i. e the plane tangent to the highest point of 

the level tube) is not peipendioulai t" the vertical axis, AA in 

figure 214, on which the plate turns For, let AB r 

Fig. 240. Fig. 341. 



plane, seen edgeways, and CD the centre line of the vertical a 

* This applies eqiinlly lu llie Tiansit nnil tiio Tlioudolitf. 
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which is here drawn as making an acute angle with this filane 
oa the right hand side. The first figure represents the bubble 
brought to tJie centre of the tube. The second figure represents 
the plate turned half around. The centre lino of the axi^ ia sup- 
posed to remain unmoved. The acute angle ivill now be on the 
left Iiand side, and the plate will no longer be horizontal. Conse- 
quently the bubble will run to the higher end of the tube. The 
rectification necessary is evidently to raise one end of the tube and 
lower the other. The real error has been doubled to the eye hy 
the reversion. Half of the motion of the bubble wag caused by the 
tangent plane not being perpendicular to the axis, and half by this 
axis not being vertical. Therefore raiso or lower one end of the 
level by the screws which fasten it to the plate, till the bubble 
eoBies about half way back to the centre, and then bring it quite 
back by turning its pair of parallel plate screws. Then again 
reverse the vernier plate 180°. The bubble should now remain m 
the centre. If not, the operation should be repeated. The same 
must be done with the other level if required. Then the bubbles 
will remain in the centre during a complete revolution. This 
proves that the axis of the vernier plate is then vertical ; and as 
it has been fixed by the maker perpendicular to the plate, the 
latter must then be horizontal. 

It is also necessary to examine whether tlie bubbles remain in 
the centre, when the divided circle ia turned round on its axis. 
If not, the axes of the two plates are not parallel to each other. 
The defect can be remedied only by the maker ; for if the bubbles 
be altered so aa to be right for this reversal, they mil be wrong 
for the vernier plate reversal. 

(S61) Second adJDSlmcnt. To cause the line of colUmation to 
revolve in a plane." 

Verification. Set up the Transit in the middle of a level piece 
of ground, as at A in the figure. Level it carefully. Set a stake, 
with a nail driven into its head, or a chain pm, as far from the 
instrument as it b distinctly visible, as at B. Direct the ti 

foi Ihe Transit will be first giveii, aiiJ lljatfor tlm TljeodoUl^ iii lli-^ n™ 
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to it, and fix the intersection of the croaa-liairs very precisely upon 
it. Clamp the instrument. Measure from A to E. Then turn 
over the telescope, and set another stake at an equal distance from 
the Transit, and also precisely m the line of sight. If the line of 
colhmation has not continued in the same plane during its half-revo- 
lution, this stake will not be at E, but to one aide, as at C. To 
discover the truth, loosen the clamp and turn the vernier plate half 
around without touching the telescope. Sight to B, as at first, and 
again clamp it. Then turn over the telescope, and the line of sight 
will strike, as at D in the figure, as far to the right of the point, as 
it did before to its left. 

Mectifieation. The fault which is to be rectified, is that the line 
of eollimation of the telescope is not perpendicular to the horizontal 
axis on which the telescope revolves. This will be seen by the 
figures, which represent the position of the fines in each of the four 



^~-^-... 



observations wHch have been made. In each of the figures the 
long thick line represents the telescope, and the short one the axis 
on which it turns. In Ilg. 24S the line of sight is directed to V 
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In Fig. 244 the telescope has been turned over, and with it the 
axis, so that the obtuse angle, marked hi the first figure, has 
taken the place, 0', of the acute angle, and the telescope points to 
C instead of to E. In Fig. 245 the vernier plate has been turned 
half around so as to point to B ag^n, and the same obtuse angle 
has got around to 0". In Fig, 246 the telescope has been turned 
over, tbe obtuse angle is at 0'", and the telescope now points to D. 

To make the line of coUimation perpendicular to the axis, the 
former must have its direction changed. This is effected bj mov- 
ing the vertical hair the proper distance to one side. As was 
explained in Art, (330), and represented in Fig. 217, the cross- 
hairs are on a ring held by four screws. By loosening the left^ 
iiand screw and tightening the rights-hand one, the ring, and witli 
it the cross-hairs, will bo drawn to tho right ; and viee ve7'sa. Two 
iiolea at right angles to each other pass through the outer heads of 
ihe screws. Into these holes a stout steel wire is inserted, and 
the screws can thus be turned around. Screws so made are called 
'• capstan-headed." One of the other pair of screws may need to 
be lo<:Bened to avoid straining the threads. In some French instru- 
ments, one of each pair of screws is replaced by a spring. 

To find how much -to move this vertical h^r, measure from C to 
D, Fig. 242, page 243. Set a stake at the middle point E, and 
set another at the point F, midway between D and E. Move the 
vertical hair till the line of sight strikes F. Then the insti-ument 
is adjusted ; and if the line of sight be now directed to E, it will 
strike B, when tbe telescope is turned over; since the hair is 
moved half of the doubled error, DE. The operation will gene- 
rally require to be repeated, not being quite perfected at first, 
generally require to be repeated, not being quite i^erfected at first. 

It should be remembered, that if the Telescope used docs not 
invert objects, its eye-piece will do so. Consequently, with such a 
telescope, if it seems that the vertical hair should be moved to the 
left, it must be moved to the right, and vice versa. An inverting 
telescope does not invert the cross-hairs. 

If the young surveyor has any doubts as to the perfection of his 
rectification, he may set another stake exactly under the instrument 
by means of a plumb-line suspended fram its centre ; and then, in 
like manner, set his Transit over B or E, He will find that the 
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other two stakes, A and the extreme one, are in the same straight 
line with hia instrument. 

la some instruments, the horizontal axis of the telescope can be 
taken out of its supports, and turned over, end for end. In sueh 
a ease, the line of sight may be directed to any well defined point, 
and the axis then taken out and turned over. If the line of sight 
again strikes the same point, this iine is perpendicular to the axis. 
If not, the apparent error is double the real error, aa appears from 
the figures, the obtuse angle coming to 0', and the desired per- 



-^ 



pendieular line falling at C midway between B and B'. The rec- 
tification may be made as before ; or, in some large instruments, in 
which the telescope is supported on Ys, by moving one of the ys 
laterally. 

(362) The Theodolit-e must be treated differently, since its tele- 
scope does not reverse. One substitute for this reversal, when it 
is desired to range out a line forward and backward from one sta- 
tion, is, after sighting in one direction, to take the telescope out of 
the Ya and turn it end for end, to sight in the reverse direction. 
This it can be made to do by adjusting its line of collimation as 
explained in the last article. Another substitute is, after sighting 
in one direction, and noting the reading, to turn the vernier plate 
around exactly 180°. But this supposes not only that the graduar 
tion is perfectly accurate, but also that the line of collimation is 
exaetly over the centre of the circle. To test this, after sighting 
to a point, and noting the reading, take the telescope out of the 
ys and turn it end for end, and then turn the vernier plate 
around exactly 180°. If the line of sight again strikes tlie same 
point, the latter condition exists. If not, the maker must remedy 
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the defect. This error of eccentricity is similar to that explained 
with respect to the compass, in the latter part of Art. (226)- 

(363) Tbird adjustment. To cause the line of collimation to 
resolve in a vertical plane* 

Verification. Suspend a long plumb-line from some high point 
Set the instrument near this line, and level it carefully. Direct 
the telescope to the plumb-hne, and see if the intei-seetion of the 
cross-hairs follows and remajns upon this hne, when the telescope 
b turned up and down. If it does, it moves in a vertical plane. 

The angle of a new and well-built house will form an imperfect 
substitute for the plumb-line. 

Otherwise ; the instrument being set up and levelled as above, 
place a basin of some reflecting lii^uid (quicksilver being the best, 
though molasses, or oil, or even water, will answer, though less per- 
fectly,) so that the top of a steeple, or other point of a high object, 
can be seen in it through the telescope by reflection. Mate the 
intersection of the ci-oas-hairs cover it. Then turn up the tele- 
scope, and if the intersection of the cross-hairs bisects also the 
object seen directly, the line of sight has moved in a vertical plane. 
If a star be taken as the object, the star and its reflection will be 
equivalent (if it bo nearly over head) to a plumb-line at least fifty 
million million miles long. 

Otherwise; set the instrument as close as possible to the base 
of a steeple, or other high object ; level it, and direct Fig. 249 
it to the top of the steeple, or to some other elevated 
and well defined point. Clamp the plates. Turn down 
the telescope, and set up a pin in the ground pre- 
cisely " in line." Then loosen the clamp, turn over 
the telescope, and turn it half-way around, or so 
far as to again sight to tlie high point. Clamp 
tlie plates, and again turn down the telescope. If 
tiie line of sight agam strikes the pin, tlie telescope 
has moved in a vertical plane. If not, the apparent f' P 1' 
error is double the real error. For, let S be the top of the steeple, 
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Adjustments. 



(Kg.249) and P' the pin ; then tlio plant in ii\ hch 
the telescope moves, seen edgewiae, is SP' , aud, 
after being turned around, the line of sight 
moves in the plane SP", as far to one ?ide of 
the vertical plane SP, as SP' was on the othei 
- side of it. 

Rectification. Since the second aiijustment 
causes the line of sight to move in a phne pei 
pendicular to the axis on which it turns, it will 
move io a vertical plane if that axis be hoii 
zontal. It may be made so by filmg off the 
feet of the standards which support the higher 
end of the axis. This will be best done b\ tht 
maker. In some instruments one end of the 
axis can be raised or lowered. 

(364) Centring eyc-picce. In some in 
struments, such as that of which a longitudin il 
section is shown in the margin, the inner end 
of tJie eye-piece may be moved so th<it the ■ 
cross-hairs shall be seen precisely in the ttn 
tre of its field of view. This is done bv me ms 
of four screws, arranged in pairs, like those of 
the cross-hair-ring screws, and capable of mo'v 
ing the eye-piece up and down, and ti> right 
or left, by loosening one and tightening the 
opposite one. Two of them are shown at A, A, 
in the figure; in which E,E, are tno of tin, 
cross-hair screws. 

(363) Centring object-glass. In some 
instruments four screws, similarly arranged, 
two of which are shown at C, C, can move, m 
any direction, the inner end of the slide nhich 
carries the object-glass. The necessity foi 
such an arrangement arises from the impossi 
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bilitj of drawing a tube perfectly straight. Consequently, the 
line of collimation, when the tube is drawn in, will not coincide with 
the same line when the tube is pushed out. If adjusted for one 
position, it will therefore bo wrong for the other. These screws, 
however, can make it right in both positions. They are used as 
follows. 

Sight to some well defined point as far off as it can be distmetly 
seen. Then revolve the telescope half around in its supports ; 
i. e. turn it upside down.* If the line of collimation was not m 
the imaginary axis of the rings or collars on which the telescope 
rests, it will now no longer bisect the object sighted to. Thus, 
if the horizontal h^r was too high, as in Fig. 251. this line of 



collimation would point at first to A, and after being turned over, it 
would point to B. The error is doubled by the reversion, and it 
should point to C, midway between A and B. Make it do so, by un- 
screwing the upper capstan-headed screw, and screwing in the lower 
one, till the horizontal hair is brought half way back to the point. 
Eemember that in an erecting telescope, the cross-hairs are reversed, 
and vice versa. Bring it the rest of the way by means of the 
parallel plate screws. Then revolve it in the Ys back to its orig- 
inal position, and see if the intersection of the cross-hairs now 
bisects the point, as it should. If not, again revolve, and repeat 
the operation till it is perfected. If the vertical hair passes to the 
right or to the left of the point when the telescope is turned half 
around, it must be adjusted in the same manner by the other pair 
of cross-hairs screws. One of these adjustments may disturb the 
other, and they should be repeated alternately. When they are 
perfected, the intersection of the cross-hairs, when once fixed on a 
point, will not move from it when the telescope is revolved in its 

■ In Theodolites, tlie Telescope is i-evolved in tlie Ys. In TraiKits, the maker, 
by whom this a^uBtmeiit is usually pei-fovmed, revolTes the Telescope, in the 
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supporte. This double operation is called adjusting the line of 
coUimation* 

This line is now adjusted for distant objects. It -would be so for 
near ones alao, if the tube were perfectly straight. To teat this, 
sight to some point, as near as is distinctly viaibie. Then turn tho 
telescope half over. If the intersection does not now bisect the 
point, brin^ it half way there by the screws C, C, of Fig, 250, 
moving only one of the hairs at a iimc, as bffore. Then reptat 
the former aiJjustment on the distant object. If thi? is not i^uite 
perfect, repeat tho operation. 

This adjustment, in instruments thus arranged, should precede 
the first one ■nhich we have explained. It is usually performed 
by the maker, and its screws are not visible in the Transit, being 
enclosed in the ball seen where the telescope ib connected with 
the cross-bar. 1 

All the adjustments should be meddled with aa little as possible, 
lest the screws should get loose ; and when once made right they 
should be kept so by careful usage. 

* This "fldjastniBnt of tho line of collimation" hKsmevety brongiil the inleraeo- 
tion of the cross-hairs (which fixes the tino of sight) iiitci the lioe joining the cen- 
tres of the collars on which the telescope turns in the Yb ; but the maker is sup- 
posed to have origin ally fixed ttie optical axis of ihelelescopc, (i. e. the line joining 
the optical centres of tho giaaaes), m the samo line. 

t The adjustment of " Crnlriiig tlit: oi.ject-yliifis is liic invention of Messrs, 
Gm'ley, of'Troy. 
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THE FIELO-WORK, 

(366) To measure a horizontal angle. Set up the instrument 
so tliat its centre shall be Fig, asa. 

exactly over the angu- 
lar point, or in the in- 
tersection of the two 
lines whose difference of 
direction is to he measured; as at B in tiie figure. A plumb 
line must be suspended from under the centre. Dropping a 
stone is an imperfect auhhtitute for this. Set the instrument 
so that its lower parallel plate may he as nearly horizontal as 
possible. The levels will servo as guides, if the four parallel-plate 
screws be first so screwed up or down that eaual lengths of them 
shall be above the upper plate. Then level the instrument care- 
fully, as in Art. (338). Direct tlie telescope to a rod, stake, or 
other object, A in the figure, on one of the lines which form the 
angle. Tighten the clamps, and by the tangent^crew, (see Art. 
(336)), move the telescope so that the intersection of the cross- 
hairs shall very precisely bisect this object. Note the reading of 
the vernier, as explained in the preceding chapter. Then loosen 
(he clamp of the vernier, and direct the telescope ^n the other line 
(as to C) precisely as before, and again read. The difference of 
tlie two readings will he the desired angle, A30. Thus, if the 
first reading had been 40° and the last 190°, the angle would be 
150°. If the vernier had passed 360° in turning to the second 
object, 360° should be added to the last reading before subtract- 
ing. Thus, if the first reading had been 300°, and the last read- 
ing 90°, the angle would be found hy calling the last reading, as 
it really is, 360° + 90° = 450°, and then subtracting 300°. 

It is best to sight first to the left hand object and then to the 
right hand one, turning " with the sun," or like the hands of a 
watch, since the numbering of the degrees usually runs in that 
direction. 
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It is convenient, thoogh not necessary, to begin by setting tiie 
vernier at zero, by tbe upper movement (that of the vernier plate 
on the circle) and then, by means of the lower motion, (that of 
Qie whole instrument on its axis), to direct the telescope to the first 
object. Then fasten the lower clamp, and sight to the second 
object aa before. The reading will then be the angle desired. 
An objection to this is that the two verniers seldom read alike.* 

After one or more angles have been observed from one point, 
the telescope must be directed back to the first object, and the 
reading to it noted, so as to make sure that it has not slipped. 
A wateh-tele scope (see Art. 339) renders this unnecessary. 

The error arising from the instrument not being set precisely 
over the centre of the station, will be greater the nearer the object 
sighted to. Thus a difference of one inch would cause an error of 
only 3" in the apparent direction of an object a mile distant, but 
one of nearly 3' at a distance of a hundred feet. 

(387) Reduction of iii^h and low objects. When one of the 
objects sighted to is higher than the other, the " plunging tele- 
scope" of these instruments causes the angle measured to be the 
true horizOEtai angle desired ; i. e. the same angle as if a point 
exactly under the high object and on a level with the low object 
(or vice versa) had been sighted to. I'or, the telescope has been 
caused to move in a vertical plane by the 3d adjustment of Chap- 
ter II, and the angle measured is therefore the angle between the 
vertaeal planes which pass through the two objects, and which 
" project" the two lines of sight on the same horizontal plane. 

This constitutes the great practical advantage of these instru- 
ments over those which are held in the planes of the two objects 
observed, such as the sextant, and the " circle" much used by the 
Jrench. 



• The leorncr wilt do well to gauge bis own precision and that of tlie in 
and lie may rest aasared lliat liis own will be the one chiefly in fault) by meaaur- 
ing, from any station, the angles between eucceajivg points all araund liini, till he 
gels hack to thefintpointibeeinningatdiffereiit parts of the circle for eacli angle. 
The snm of all these angles should eiaclly equal 3600, Ha will probably find 
quite a difference from tttat. 
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(368) Notalion of angles. The angles observed may be 
noted in various ways. Thus, the observation of tie angle ABC, 
in Fig. 252, may be noted » At B, from A to 0, 150°," or better, 
" At B, between A and C, 150°." In colmnn form, tliis becomes 

150=] 
B I 

When the vernier had been set at zero before sighting to the 
first object, and other objects were then sighted to, those objects, 
the readings to which were less than 180", will be on the left of 
the first line, and those to which the readings were more than 
180°, will be on i^^ right, looking in the direction in which the-sui^ 
vey is proceeding, from A to B, and so on.' 

(369) Probable error. When a number of separate observor 
tiona of an angle have been made, the mean or average of them all, 
(obtained by dividing the sum of the readings by their number,) 
is taken as the true reading. The " Probable error" of this mean, 
J3 the quantity, (minutes or seconds) which is such that there is an 
even chance of the real error being more or less than it. Thus, 
if ten measurements of an angle gave a mean of 35° 18', and it 
was an equal wager that the error of this result, too much or too 
little, was half a minute, then half a minute would be the "Probable 
error" of this determination. This probable error is equal to the 
square root of the sum of the squares of the errors (i. e. the differ- 
ences of each observation from the mean) divided by the number 
of observations, and multiplied by the decimal 0.674489. 

The same result would be obtained by using what is called 
" The weight" of the observation. It is equal to the square of 
the number of observations divided by twice the sum of the squares 
of the errors. The " Probable error" is equal to 0.476936 divided 
by the square root of the weight. These rules are proved by the 
" Theory of Probabilities." 

(STO) To repeat an aiig:le. Begin as in Art. (366), and 
measure the angle as there directed. Then unclamp below, 
and turn the circle around till the telescope is again directed to 
the first object, and made to bisect it precisely by the lower tan- 

• This is veiy useful ia preventing any ambiguity in the fioM-notes. 
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gent screw. Then unolamp above and turn the vernier plate lall 
the telescope again points to the second ohject, the first reading 
remajnmg unchanged. The angle will now have been measured a 
second time, but on a part of the circle adjoining that on which it 
was first measured, the second arc beginning where the first ended. 
The difference between the first and last readmgs will therefore be 
twice the angle. 

This operation may bo repeated a third, a fourth, or any num- 
ber of times, always turning the telescope back to the first object 
by the lower movement, (so as to start with the reading at which 
the preceding observation left off) and turning" it to the second 
object by the upper movement. Take the difference of the first 
and last readings and divide by the number of observations. 

The advantage of this method is that the errors of observation 
(i, e, sighting sometimes to the right and sometimes to the left of 
the true point) balance each other in a number of repetitions ; 
while the constant error of graduation is reduced in proportion to 
this number. This beautiful principle has some imperfections in 
practice, probably arising from the slipping and strainmg of the 
ciamps. 

(371) Angles of deflection. The angle of deflection of one 
line from another, is the '■'is- ~^^'^■ 

angle which one line 
makes with the otiier 
line produced. Thus, in 
the figure, the angle of 
deflection of EC from 
AB, is E'BC. It is evidently the supplement of the angle ABO. 

To measure it with the Transit, set the instrument at B, direct 
the telescope to A, and then turn it over. It will now point in the 
direction of AB produced, or to E', if the 2d adjustment of Chapter 
II, has been performed. Note the reading. Then du-ect the 
telescope to C, Note the new reading, and their difference will 
be the required angle of deflection, E'BC. 

If the vernier be set at zero, before taking the first observation, 
the readings for objects on the right of the first line will be less than 
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180°, and more tiaa 180° for objects on the left ; conversely to 
Art. (368). 

(372) Line surveyEni^. The survey of a line, such as a road, 
&e., can be made by tlie Theodolite or Transit, ivith great precis- 
ion ; measuring the angle which each lino makes with the preced- 
ing line, and noting tlieir lengths, and the necessary offsets on each 
side. 

Short lines of sight should be avoided, since a slight inaccuracy 
in setting the centre of the instrument exactly over or under the 
point previously sighted to, would then much affect the angle, as 
noticed at close of Art. (366). Very great accuracy can be ob- 
tained by using three tripods. One would be sot at the first star 
fion and sighted back to from the instrument placed at the second 
station, and a fonvard sight be then taken to the third tripod placed 
at the third station. The instrument would then be set on this 
tlurd tripod, a back sight taken to the tripod remaining on the se- 
cond station, and a foredght taken to the tripod brought from the 
first station to the fourth station ; to which the instrument is next 
taken : and so on. This is especially valuable in surveys of mines. 

The field-notes may be taken as directed in Chapter III of Com- 
pass Surveying, pages 149, &c.,"the angles taking the place of 
the Bearings. The " Cheeks by intersecting Bearings," explained 
in Art. (246), should also be employed. The angles made on each 
side of the stations may both be measured, and the equality of their 
sum to 360", would at once prove the accuracy of the work. 

If the magnetic Bearing of any one of tlie lines be ^ven, and 
that of any of the other lines of the series be required, it can be 
deduced by constructing a diagram, or by modifications of the rules 
^ven for the reverse object, in Art. (243). 

(373) Traversing: : Or Surreyin^ by the bacb-angie. This is 
a method of observing and recording the different directions of suc- 
cessive portions of a line, (such as a road, the boundaries of a farm, 
&c.,) so as to read off on the instrument, at each station, the angle 
which each line mates — not with the preceding line, but — with the 
first line observed. This line is, therefore, called the meridian of 
that survey. 
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The FieW-work, 

Fig. 254. 




Set up the inatrument at the first angle, or second station, (B, 
in the figure), of the line to be surveyed. Sight to A and then to 
C. Clamp the vernier, and take the instrument to C. Loosen 
the lower clamp, and direct the telescope to B, the reading remain- 
ing as it waa at B. Clamp below, loosen above, and sight to D. 
The reading of the instrument will be the angle which the line CD 
makes with the first fine, or Meridian, AB. 

Take the instrument to D. Sight back to C, and then forward 
to E, as before directed, and the reading of the instrument will be 
the angle which DE makes with AB, 

So proceed for any number of lines. 

When the Transit is used, the angles of deflection of each line 
from the first, obtained by reversing the telescope, may be used in 
"Traversing," and with much advantage when the successive 
lines do not difier greatly in their directions. 

The s y p rited in the figure, 
is record d n th fi t of the accompa- 
nying Tables a Is ed with the The- 
odolite ; nl m tl econd Table, as 
observed tl the T n^it. 

The chief advantage of this method is ita greater rapidity in the 
field and in platting, the angles being all laid down from one meri- 
dian, as in Compass-surveying. This also increases the accuracy 
of tlie plat, since any error in the direction of one line docs not 
affect the directions of the following lines." 

(374) rse of tlie Compass. The chief use of the Compass 
attached to a Transit or Theodolite, is as a check on the observa- 
tions; for the difi'erence between the magnetic Bearings of any 

" If tliero aro two verniera; take care nlwaya to read iha degrees from Ihe 
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256 TRANSIT MD THEODOLITE SURVEYING, [part iv. 

two lines should be t!ie same, approximatelj, as the angle betweeo 
thorn, measured by the more accurate instraments. The Beamig 
also prevents any ambiguity, as to whether an angle ivas taken to 
the right or to the left. 

The instrument may also be used like a simple compass, the tele- 
scope tating the place of the sights, and requiring similar tests of 
accuracy. A more precise way of taking a Bearing is to turn the 
plate to which the compass box is attached, till the needle points 
to zero, and note the reading of the vernier ; then sight to the 
object, and again read the vernier. The Bearing will thus be 
obtained more minutely than the divisions on the compass box 
cduld give it. 

(375) measuring distances with a telescope and rod. On 

the cross-hair ring, described in Art. (330) , stretch two more hori- 
aontal spider-threads at equal distances above and below the origi- 
nal one ; or all may be replaced by a plate of thin ^<s- ^35. 
glass, placed precisely in the focus, with the necessary /^ 

lines, as in the figure, etched by fluoric acid. Let a [ . 

rod, 10 or 15 feet long, be held up at 1000 feet off, and 
let there bo marked on it precisely the length which 
the distance between two of these lines covers. Let this be subdi- 
vided as minutely as the spaces, painted alternately white and 
red and numbered, can be seen. If ten subdivisions are ma^e, 
each will represent a distance of 100 feet off, and so on. Con- 
tinue these divisions over the whole length of the rod. It is now 
ready for use. The French call it a stadia. When it is held up 
at any unknown distance, the number of divisions on it intercepted 
between the two lines, will indicate the distance with considerable 
precision. It should be tested at various distances. 

A " Levelling-rod," divided into feet, tenths and hundredths, 
may be used as a stadia, with less convenience but more precision. 
Experiments must previously determine at what distances the 
space between the lines in the telescope covers one foot, &c. Then, 
at any unknown distance, let the shding " target" of the rod be 
moved till one line bisects it, and itsplace on the rod be read off; 
let -the target be then moved so that the other line bisects it and let 
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its place be again noted. Then the required distance will be equal to 
the difference of the readings on the rod, in feet, multiplied by the 
distance at which a foot was intercepted between the lines. 

One of the horizontal haira may be made movable; and ita dis- 
tance from the other, when the space between them exactly covers 
an object of known height, can he very precisely measured by 
counting the number of turns and fractions of a turn, of a screw 
by wliieh this movable hair is raised or lowered. A simple pro- 
portion will then ^ve the distance. 

On sloping ground a doul)le correction ia necessary to reduce 
the slope to the horiaon and to correct the oblique view of the rod. 
The horizontal distance is, in consequence, appro\imat«ly equal to 
the observed distance multiplied by the square f tl e c ne of tl e 
slope of the ground. 

The latter of the above two corrections will 1 e d spenie 1 w tl 
by holding the rod perpendicular to the line of s ght th ti e i d 
of a ri^t angled triangle, one side of which coinc des th the i 1 
at the height of the telescope, and the other side f hi h iljo r n^, 
the right angle, ia caused, by leaning the rod, to j t to the tel 
scope. 

Other contrivances have been used for the same object, such as 
a Binocular Telescope with two eye-pieces inclined at a certain 
angle; a Telescope with an ohject>gIass cut into two movable 
parts; &c, 

076) Ranging out lines Ths i& the comcrso of '^me^mg 
Imes The mstiument is fixel jver the fitst "titi n w th gieat 
precision it's telescope being i ery c irefully \ Ij i ted to move m a 
vertical plane A scues of stakes, with naols dnven m their tops, 
or otherwise well defined, are then set m the desned line as far 
as the po'flti of the instrument evtenis It is then tai.en forward 
to a state thiee oi foui from the la«t one '*ct anl is fixed over it, 
fiist by the pluml and then by sighting backward ind fonyaid to 
the fiist ani hst tike The line is thi.n Lontmued i before A 
good object for a long ^ight is a boird painted hke t, taiget, with 
black anl white concentric rings, and made t hie ni grooves cut 
m the tip'^ cf t \ stike=t sot in ti e gionn 1 abj it in the hne It 
17 
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is moved till die vertical hair bisects the circles (which the eye 
can determine with great precision) and a plumb-line dropped from 
their centre, gives the place of the stalfe. "Mason &. Dixon's 
Line" was thus ranged. 

If a Transit be used for ranging, its " Second Adjustment" is 
most important to ensure the accuracy of tlie reversal of its Tele- 
scope. If a Theodolite be used, the lino is continued hj turning 
the vernier 180", or by reversing the telescope in its Y^i as noticed 
in Arts. (325) and (362). 

(377) Farm SurTeying, &c. A large farm can be most easily 
and accurately surveyed, by measuring the angles of its main boun- 
daries (and a few main diagonals, if it be very large,) with a The- 
odolite or Transit, as in Arts, (366) or (371), and filling up the 
interior details, as fences, &c., with the Compass and Chain. 

If the Theodolite he used, Fig- 25G. 

keep the field on the left 
hand, as in following the or- 
der of the letters in this 
figure, and turn the telescope 
around " with the sun," and 
the angles measured as in dc^ 

Art. (366), will be the interior angles of the field, as noted in 
figure. 

The accuracy of the work will be proved, as alluded to in 
Art. (257), if the sum of all the interior angles be equal to the pro- 
duct of 180° by the number of sides of the figure less two. Thus 
in the figure, the sum of all the interior angles = 540° = 180° X 
(5 — 2) . The sum of the exterior angles would of course equal 
180° X (5 + 2) = 1260°. 

If the Transit be used, the fanu should be kept on the right 
hand, and then the angles measured will be the supplements of the 
interior angles. If the angles to the right be called 'positive, and 
those to the left negative, their algebraic sum should equal 360°. 

If the boundary lines bo surveyed by " Traversing," as in Art. 
(873), the reading, on getting baek to the last station and looking 
back to the first line, should be 360°, or 0°. 
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The content of any surface surveyed by " Traversing " with the 
Transit can be calculated by the Traverse Table, as in Chapter 
VI, of Part ni, by the following modification. "When the angle 
of defiection of any side from tfae first side, or Meridian, is less than 
90°, call this angle the Bearing, find ita Latitude and Departure, 
and call them both plm. When the angle is between 90° and 
180°, call the difference between the angle and 180° the Bearing, 
and call its Latitude minus and its Departure plus. When the 
angle is between 180° and 270°, call its difference from 180° the 
Bearing, and call its Latitude minus and its Departure minus. 
When the angle is more than 270°, call its difference from 360° 
the Bearing, and call its Latitude plus and its Departure minus. 
Then use these as in getting the content of a Compass-survey. 
The signs of the Latitudes and Departures follow those of the 
eosmea and sines in the successive quadrants. 

TowiirSurveying would be performed as du^eted in Art-. (261), 
substituting " angles " for " Bearings." " Traversing" is the best 
method in all these cases. 

Inaee&ssihle areas would be surveyed nearly as in Art. (134), 
except that the angles of the lines enclosing the space would be 
measured with the instrument, instead of with the chain. 

(378) Platting. Any of these surveys can be platted by any 
of the methods explained and characterized in Chapter IV, of the 
preceding Part. A circular Protractor, Art. (264), may be 
regarded as a Theodolite placed on the paper. " Platting Bear- 
ings," Art. (265), can be employed when the survey has been 
made by " Traversing." But the method of " Latitudes and De- 
partures," Art. (285), is by far the most accurate. 
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TRIANGULAR SURVEYING; 



By the Fourth Method. 

(379) Triangular SuRVEvisti is founcied on the Fourth Method 
of determining the position of a point, by the intersection of two 
known Imes, as given in Art. (8). By an extension of the princi- 
ple, a field, a farm, or a country, can be surveyed by measuring 
only one line, and caleulaling all the other desired distances, which are 
made sides of a connected series of imaginary Triangles, whose 
angles are carefolly measured. The district surveyed is covered 
with a sort of net-work of such triangles, whence the name g?ven to 
this kind of Surveying. It is more commonly called " Trigonome- 
trical Surveying;" and sometimes " Geodesic Surveying," but im- 
properly, since it does not necessarily take into account the curv- 
ature of the earth, though always adopted in the great surveys in 
which ^at is considered. 

(380) Outline of operations. A hme line, as long as possible, 
(5 or 10 miles in surveys of countries), is measured with extreme 
accuracy. 

From its extremities, angles are taken to the most distant objects 
viable, such as steeples, signals on mountain tops, &e. 

The distances to these and between these are then calculated by 
the rules of Trigonometry. 

The instrument is then placed at each of these new stations, and 
angles are taken from them to still more distant stations, the calcu 
lated lines being used as new base lines. 

This process is repeated and extended till the whole district is 
embraced by these "primary triangles" of as large sides as possible. 
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One side of tlie last triangle ia so located that its length can he 
ohtained by measurement aa well as by calculation, and the agree- 
ment of the two proves the accuracy of the whole work. 

Within these primary triangles, secondary or smaller triangles 
are formed, to fix the position of the minor local details, and to 
servo aa starting points for common surveys with chain and com- 
pass, &e. Tertiary triangles may also be required. 

The larger triangles arc first formed, and the smaller ones based 
on tliem, in aeeordanee with the hnportant principle in all survey- 
ing operations, always to work from the whole to the parts, and from 
greater Ut less. 

Each of these steps will now he considered in turn, in the 
following order : 

1. The Ease; articles (381), (382). 

2. The Triangulation ; articles (383) to (390). 

3. Modifications of the mefbod ; articles (391) to (395). 

(381) Measuring a Base. Extreme accuracy in this is neces- 
sary, because any error in it will be multiplied in the subsequent 
work. The ground on which it is located must be smooth and nearly 
level, and its extremities must be in sight of the chief points in the 
neighborhood. Its point of beginning must be marked by a stone 
set in the ground with a holt let into it. Over this a Theodolite 
or Transit is to be set, and the line " ranged out" as directed in 
Art. (3T6). The measurement may be made with chains, (which 
should be formed like that of a watch,) &c. but best with rods. We 
will notice in turn their Materials, Supports, Alinement, Levelling, 
and Contact. 

As to Materials, iron, bra^ and other metals have been used, 
but are greatly lengthened and shortened by changes of tempera- 
ture. Wood is affected *y moisture. Glass rods and .tubes are 
preferable on both these accounts. But wood is the most conve- 
nient. Wooden rods should be straight-grfuncd white pine, &c. ; 
well seasoned, baked, soaked in boilmg oil, painted and varnished. 
They may be trussed, or framed like a mason's plumb-line level, to 
prevent their beni^ng. Ten or fifteen feet is a convenient length. 
Three are required, which may be of different colors, to prevent 
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mistakes in recording. They must be very carefully compared 
mill a standard measure. 

S-wpports must be provided for the rods, in accurate worlc. 
Posta set in hne at distances equal to the length of the rods, may 
be driven or sawed to a uniform line, and the rods laid on them, 
either du-ectly, or on beams a little shorter. Tripods, or trestles, 
with screws in their tops to raise or lower the ends of the rods 
resting on tliem, or blocks with three long screws passing through 
them and serving as legs, may also be used. Staves, or legs, for 
flie rods have been i^ed, up and down which sockets carrying the 
rods could slide. 

The Alinement of the rods can be effected, if they are laid on 
the ground, by strings, two or three hundred feet long, stretched 
between the stakes set in the line, a notched peg being driven when 
the measurement has reached the end of one string, which is then 
taken on to the next pair of stakes ; or, if the rods rest on supports, 
by projectiog points on the rods being ahned by the instrument. 

The Levelling of the rods can be performed with a common 
mason's level ; or their angle measured, if not horizontal, by a 
" slope-level," 

The Contacts of the rods may he effected by bringing them end 
to end. The third rod must be applied to the second before the 
first has been removed, to detect any movement. The ends must 
be protected by metal, and should be rounded (with radius equal 
to length of rod) so as to touch in only one point. Round-headed 
nails will answer tolerably. Better are small steel cylinders, hori- 
zontal on one end and vertical on the other. Sliding ends, with 
verniers, have been used. If one rod be higher than the next one, 
one must be brought to touch a plumb-line which touches the other, 
and its thickness be added. To prevent a shock from contact, the 
rods may bo brought not quite in contact, and a wedge be let down 
between them till it touches both at known points on its graduated 
edges. The rods may be laid side by side, and lines drawn across 
the end of each be made to coincide or form one line. This is more 
accurate. Still better is a " visual contact," a double microscope 
with cross-hairs being used, so placed that one tube bisects a dot 
at the end of one rod, and the other tube bisects a dot at the end 
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of the next rod. The rods thus neyer touch. The distance 
between the two sets of erc^s-haira is of course to be added. The 
combination of this principle with an arrangement by which bars 
of two metals preserve a length invariable at all temperatures, aa 
used on the U, S. Coast Survey, leaves nothing to desire in preci- 
sion. 

A Base could be measured over very uneven ground, or even 
vrater, by suspending a series of rods from a stretched rope by 
rings in which they can move, and levelling thorn and hm^ng 
them into contact as above. 

(382) Corrections of Base. If the rods were not level, their 
length must be reduced to its horizontal projection. This would 
be the si^uare root of the difference of the squares of the length of 
the rod (or of the base) and of the height of one end above the 
other; or the product of the same length by the cosine of the 
angle which it makes with the horizon.' 

If the roda were metallic, they would need to be corrected for 
temperature. Thus, if aa iron bar expands jobdoou of its length 
for 1° Fahrenheit, and had been tested at 32°, and a Base had been 
measured at 72° with such a bar 10 feet long, and found to contain 
3000 of tl m t Pi t 1 th Id b 000 feet, but its 
real length w lib Sif tm 

(383) Choice of Station Th t t Trigonometrical 
points," wl 1 t f m th t f tl t ngles, and to be 
observed to if mth Itelthth resulting trian- 
gles may 1 !1 dt n d yha h sides and angles 
that a am 11 uy f th m asui 1 [ t ti s will cause the 
least poss bl n t! q titi Id ted f om them. The 
higher Cal 1 1 that th t j,l 1 U b as nearly equi- 
lateral as J bl Tl 11 m tt bl b t no angle should 
be admitted less than 30°, or more than 120°.t 

* Move precisely, A being this angle, and not more than 2" or 3", the difter- 
ence between the inclined and horizontal lengths, equals the inclined or real 
length multiplied hy the square of the mimites in A, and that ty the decimal 
0.00000004231; as shewn in Appendix B, In a Geodesic survey, the base woald 
also be required to be lednced to the level of the sea. 

t When two angles only are obaevved, as is often the ease in the secondary 
Iriflngulation, the nnobserved angle ought to be nearly a right angle. 
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To extend the triangulation, by continually increasing the sidea 
of tlie triangles, without introducing "ill-conditioned" triangles, 
may be effected aa in the figure. AS is the measured base. 

Fig. 257. 




C and D are the nearest stations. In the triangles ABC and AED, 
all the angles being observed and the side AB known, the other 
sides can be readily calculated. Then in each of the triangles 
D AC and DBC, two sides and the contained angles are given to find 
DC, one calculation checking the other. DC then becomes a base 
to calculate EF ; which ia then used to find Gil ; and so on. 

The fewer primary stations used, the better ; both to prevent 
confusion and because the smaller number of triangles makes the 
correctness of the results more " probable." 

The United States Coast Survey, under the superintendence of 
Prof. A. D. Bache, displays some fine illustrations of these princi- 
ples, and of the modifications they may undergo to suit various 
localities. The figure on the opposite page represents part of the 
scheme of the primary triangulalion resting on the Massar 
ehusetts base and including some remarkably well-conditioned 
triangles, as well as the system of quadrilaterals which ia a valuable 
feature of the scheme when the sides of the triangles are extended 
to considerable lengths, and quadrilaterals, with both ■'•""inals 
determined, take the place of simple triangles. 

The engraving is on a scale of 1 : 1200,000, 
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(384) Sij^nalSi Ttey must bo high, conspicuous, and so made 
that the instramcnt caa be placed precisely under them. 

Three or four timbers framed into a Jie- ^'^^■ 

pyramid, as in the figure, with a long mast 
projecting above, fulfil the first and last 
conditions. The mast may be made verti- 
cal by directing two theodolites to it and ad- 
justing it so that their telescopes follow it 
up and down, their lines of sight being at 
right angles to each other. Cfuy ropes 
may be used to keep it vertical. 

A very excellent signal, used on the Massachusetts State Survey, 
by Mr. Borden, is represented in the three following figures. It 






lerely of three stout sticks, which foim a tnpod, framed 
with the signal staff, hy a bolt passing thiongh then endt and its 
middle. Fig. 260 represents the signal is fi ame 1 on the ground , 
Fig. 261 shows it erected and ready for obsenition, its base hung 
steadied with stones ; and Fig. 262 shews it with tiie staff turned 
aside, to make room for the Theodolite and it'< pro Fig 3 
tecting tent. The heights of these signals vaiic 1 Vo 
tween 15 and 80 feet. 

Another good signal consists of a stout post let into 
the ground, with a mast fastened to it by a bolt below 
and a collar above. By opening the collar, the mast 
can be turned doivn and the Theodolite set exactly ' 
under the former summit of the signal, i. e. in its verti- 
cal axis. 

Signals should have a height equal to at least jJo^ of their c 



Hosted by 



Google 



PART v.] TRMiVGCUR SI/MEYISG. 267 

tanee, so as to subtend an augle of half a minute, whieli expe- 
rience has shown to he the least allowable 

To make the topa of the aignal-masts conspicuous, flags may he 
attached to them ; white and red, if to be seen against the ground, 
and red and green if to he seen against the sky.* The motion of 
flags renders them visible, when mnch larger motionless objects 
arc not. But they are useless in calm weather. A disc of sheet 
iron, with a hole in it, is very conspicuous. It should be arranged 
BO as to be turned to face ea«h station. A barrel, formed of mus- 
lin sewn together four or five feet long, with two hoops in it two 
feet apart, and its loose ends sewn to the signal-staff, which passes 
tiirough it, is a cheap and good arrangement. A tuft of pine houghs 
fastened to the top of the staff, will be well seen agamst the sky. 

In sunshine, a number of pieces of tin nailed to the staff at dif- 
ferent angles, will be very conspicuous. A truncated cone of 
burnished tin will reflect the sun's rays to the eye in almost every 
situation. But a " hehotrope," which is a piece of looking-glass, 
so adjusted as to reflect the sun directly to any desired point, is 
the most perfect arrangement. 

For night signals, an Argand lamp is used ; or, best of all, Lrum- 
mond's light, produced by a stream of oxygen gas directed through 
a flame of alcohol upon a ball of lime. Its distbctnesa is exceed- 
ingly increased by a parabolic reflector behind it, or a lens in front 
of it. Suclf a light was briUiantiy visible at 66 miles distance. 

(385) Observations of the Angles. These should be lepeatert 
as often as possible. In extended surveys, three sets of ten each, 
are recommended. They should be taken on diffeient p'lrts of the 
circle. In ordinary surveys, it is well to employ tiie method of 
" Traversing," Art. (37S). In long sights, the .state of the atmos 



* To determine at a station A, 
whether ita aignal can be Been 
from B, praiectcd against the 
^y or not, meaanre the vertical 
aaglea BAZ and ZAC- If clieir 
sum equals or exceecta 180*, A 
will be thus aeen from B, If 
not, the signal at A must be rnis 
ed till ibis sum emiiala 180'. 
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phere has a very reoiarkablo effect on both the visibility of tho 
signals, and on the correctness of the observations. 

When many angles are taken from one station, it ia important to 
record tiem by some tmiform system. The form given below is 
convenient. It will be noticed that only the minutes and seconds 
of the second vernier are employed, the degrees being all taken 
from the first. 

Observations at . 



3C3EBVED TO 


READlNfiS, 


S[EA« 






VKdNIEB A. 


VERNIER B 


REMARKS 1 


A 


70" 19' 0" 


18' 40" 


70= 18' 50" 






B 


103° 32' 20' 


33' 40" 


103" 32' 3U" 


R. 







115° 14' 20' 


14' 5(1" 


115= 14' 35" 


R. 





When the angles are "repeated," Art. (370), the multiple 
ares ivill be roistered under each other, and the mean of the 
seconds shewn by ali the verniers at the first and last readings be 




(386) Rcducliou to the centre. It is often impossible to set 
the instrument precisely at or under the signal which has been 
observed. In such cases pro- p>s- ^^s. 

ceed thus. Let C be the cen- 
tre of tlie signal, and KCL the i 
dedred angle, R being the right ^ 
hand object and L the left hand 
one. Set the instrument at D, 
as near as possible to C, and measure the angle K.DL. It may be 
less than ItCL, or greater than it, or equal to it, according as D 
lies without the circle passing through C, L and R, or within it, or in 
its circumference. The instrument should be set as nearly as pos- 
sible in this last position. To find the proper correction for the 
observed angle, observe also the angle LDC, (called the angle of 
direction), counting it from 0° to 360°, going from the left-hand 
object toward the left; and measure the distance BG. Calculate 
the distances CR and CL with the angle RDL instead of BCL, 
since they are sufficiently nearly equal. Then 
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T,nr VT.T , CD . sin. (EDL + LDC) CD . sin. LDC, 
CR . sin. 1" CL . sin.l" 

The last two terras will be the number of seconds to be added 
or subtracted. The Trigonometrical signs of the sines must be 
attended to. The log. sin. 1" =4. 6855749. Instead of dividing 
by sin. 1", the correction without it, which will be a very small 
fraction, may be reduced to seconds by multiplying it hy 206265, 

Mample. Let BDL = 82° 20'18" .06 ; LDC = 101° 15' 32" .4 ; 
CD = 0.9; CR = 35845.12; 0L = 29783.1. 

The first term of the correction will be + 3".750, and the 
second term — 6" .113, Therefore, tJie observed angle RDL 
must be diminished by 2".363, to reduce it to the desired angle 
RCL. 

Much calculation may be saved by taldng the station D so that 
all the signals to be observed can bo seen from it. Then only a 
smgle distance and angle of direction need he measured. 

It may also happen that the centre, C, of the 
signal cannot be seen from D. Thus, if the signal 
be a solid circular tower, set the Theodolite at D, 
and turn its telescope so that its line of sight be- ■ 
comes tangent to the tower at T, T' ; measure on 
these tangents equal distances DE, DP, and direct 
the telescope to the middle, G, of the line EF. It 
will then point to the centre, C ; and the distance DC wilt e([ual 
the distance from D to the tower plus the radius obtained by mea- 
suring the circumference. 

If the signal be rectangular, measure DE, DF. ^.^ „^^ 
Take any point G on DE, and on DF set off DH 

= DG^. Then is GH parallel to EF, (smce 
DG : DH : : DE : DF) and the telescope directed 
to its middle, K, will point to the middle of the 

diagonal EF. We shall also have DC = DK ~. 
Any such case may be solved by similar methods. 
* Foi' the investigstion, see Appendix B. 
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The "PAase" of objects is the effect produced by the sun 
shilling on only one side of them, so that tiie telescope will be 
directed from a distant station to the middle of that bright side 
instead of to iJie true centre. It is a source of error to be guarded 
against. Its effect may however be calculated. 

(387) Correction of the angles. When all the angles of any 
triangle can be observed, their sum should equal 180.' If not they 
must be corrected. If all the observations are considered equally 
accurate, one-third of the difference of their sum from 180°, is to be 
added to, or subtracted from, each of them. But if the angles are 
the means of unequal numbers of observations, their errors may be 
considered to be inversely as those numbers, and they may be cor- 
rected by this proportion ; As tho sum of the reciprocals of each 
of the throe numbers of observations Is to the whole error. So is 
the reciprocal of the number of observations of one of the angles 
To its correction. Thus if one angle was the mean of three obser- 
vations, another of four, and the third of ten, and the sum of all the 
angles was 180° 3', the first named angle must be diminished by 
the fourth term of this proportion ; ^ + ^ + l^^ : Q' :: ^ : V 27". S. 
The second angle must in like manner be diminished by 1' 5". 9 ; 
and the third by 26".3. Their corrected sum will then be 180°. 

It is still more accurate but laborious, to apportion the total 
error, or difference from 180°, among the angles inversely as the 
"Tfei^j^fe," explained in Art. (369). On the IT. S. Coast Survey, in 
MX triangles measured in 1844 by Prof. Eaehe, the greatest error 
was six-tenths of a second. 

(388) Calculation and platting. The lengths of the sides of 
the triangles should be calculated mth extreme accuracy, in two 
ways if possible, and by at least two persons. Plane Trigonometry 
may be used for even large surveys ; for, though these sides are 
really arcs and not straight lines, the difference will be only one- 

• If the triangles were very large, they would have to be regarded as spherical, 
and the saai of their angles woifld be more than 180= ; but this " spherical ex- 
cess" would be only 1" for a ti-Iangle containing 78 square miles, I' for 4500 
square milep, Sk:,; and may therefore be neglected in all ordinary sllr^■eyl^g opp. 
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tweatieth of a foot in a distance of 11^ miles ; half a foot in 23 
milea ; a foot in 34| rnUes, &c. 

The platting is most correctly done by constructing the triangleSj 
aa in Art. (90), by means of the calculated lengths of their sides. 
If the measured angles arc platted, the best method is that of 
chords, Art. (275). If many triangles are succe^ively based on 
one another, they will be platted most accurately, by referring all 
their sides to some one meridian line hj means of " Kectangular Co- 
ordinates," the Method of Art. (6), and platting as in Art. (277-} 
In the survey of a country, tliis Meridian would be the true North 
and South line passing through some well determined point. 

(389) Base of Verification. As mentioned in Art. (380), a 
side of the last triangle is so located that it can be measured, as 
was the first base. If the measured and calculated lengths agree, 
this proves the accuracy of all the previous work of measurement 
and calculation, since the whole is a chain of which this is the last 
link, and any error in any previous part would affect the very last 
line, except by some improbable compensation. How near the 
agreement should be, will depend on the nicety desired and attamed 
in the previous operations. Two bases 60 milea distant differed 
on one great English survey 28 inches ; on another one inch ; and 
on a French triangulation extending over 500 miles, the difference 
was less than two feet. Results of equal or greater accuracy are 
obtained on the U. S. Coast Survey. 

(390) Interior filling up. The stations whose positions have 
been determined by the triangulation are so many fixed points, 
from which more minute surveys may start and interpolate any 
other points. The Trigonometrical points are like the obsen'ed 
Latitudes and Longitudes which the mariner obtains at every oppor- 
tunity, 80 as to take a new departure from them and determine 
his course in the intervals by the IcBs precise methods of his com- 
pass and log. The chief interior points may be obtained by " Se- 
condary Triangulation," and the minor details be then filled in by 
any of the methods of surveying, with Chain, Compass, or Transit, 
already explained, or by tiie Plane Table, described m Part VIII. 
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With the Transit, or Theodolite, *' Traversing" is tlie best mode of 
surveying, the iiistrumeiit being set at zero, and being then 
directed from one of the Trigonometrical pomts to another, which 
Ime therefore becomes the " Meridian" of that surrey. On reach- 
ing this second point, in tlie course of the survey, and sighting back 
to file first, the reading should of course be 0°, as explained in 
Art. (377). 




(391) Radiating Triangulation. Thia name may be ^ven to 
a method shown in the figure. Choose rig. ass. 

a conspicuous point, 0, nearly in the 
centre of the field or farm to be sur- 
veyed, rind other points, A, E, C, 
D, &c. such that tho signal at can be 
seen from all of them, and that tlie tri- 
angles ABO, ECO, &e, shall be as 
nearly equilateral as possible. Mea- 
sure one side, AB for example. At A 
measure the angles OAE, and GAG- ; at 
B measure the angles DBA and OBO ; and so on, around tho 
polygon. The correctness of these measurements may be tested 
by the sum of the angles, as in Art. (377). It may also he tested 
by the Trigonometrical principle that the product of the sines of 
every alternate angle, or the odd numbers in the figure, should 
equal the product of the sines of the remaining angles, the even 
numbers in the figure.* 

The calculations of tiie unknown sides are readily made. In the 
triangle AEG, one side and all the angles are ^vcn to find AG 
and BO. In the triangle BCO, BG and all the angles are given to 
find BC and CO ; and so with the rest. Another proof of the 
accuracy of the work will be given by the calculation of the length 
of the side AG in the last triangle, agreeing with its length as 
obtained in the first triangle. 



(392) Farm Triangulation. A Farm or Field may be surveyed 
hy the previous methods, but the following plan will often be more 



Hosted by 



Google 



PART T-] 



TRIANGI[L1R S|[RTEYIN(i. 




convenient. Choose abase, as XY, within 
the field, and from its ends measure the 
angles between it and the direcSon of 
each corner of the field, if the Theodo- po- 
lite or Transit be used, or take tte 
bearing of each, if the Compass be used. 
Consider first the triangles which have 
XT for a base, and the corners of the field, A, E, C, &c., for 
vertices. In each of them one side and the angles will be known to 
find the other sides, XA, XB, &c. Then consider the field as 
made up of triangles which have their vertices at X. In each of 
them two sides and the included angle will be given to find its 
content, as in Art, (65). If Y be then taken for the common 
vertex, a test of the former work will be obtained. 

The operation ivill be somewhat simplified by taking for the base 
line a diagonai of the field, or one of its sides. 



Fig, 370. 




(393) Inaccessible Areas* A field or farm may be savveyed, 
by this " Fourth Method," without entering 
it. Choose a base Ime XY, from which all 
the corners of the field can be seen. Take 
their Bearings, or the angles between the 
Base lino and their directions. The dis- 
tances from X and Y to each of them can 
be calculated as in the last article. The 
figure will then shew in what manner the 
content of the field is the difference between ■ 
the contents of the triangles, having X (or T) for a vortex, whiek 
lie outside of it, and those which lie partly within the field and partly 
outside of it. Their contents can be calculated as in the last ariicle, 
and their difference will be the desired content. If the figure be 
regarded as generated by the revolution of a line one end of which is at 
X, while its other end passes along'the boundaries of the field, short- 
emng and lengthening accordingly, and if those triangles generated 
by its movement in one direction be called plus and those generated 
by the contrary movement be called minus, their algebraic sum 
will be the content. 

18 
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(394) Inversion of (he Fourth Method. In all the opera- 
tions wMch have beea explained, the position of a point has been 
determinecl, as in Art. (8), by taking the angles, or bearings, of 
two lines passing from the two ends of a Base line to the unknown 
point. But the same determination may be effected inversely, by 
takmg from the point the bearings, by compass, of the two ends of 
the Base line, or of any two known points. The unknown point 
will then be fixed by platting from the two known points the oppo- 
site bearings, for it wiU be at the intersection of the lines thus 
determined. 

(393) Defects of the Method of Intersection. The determi- 
nation of a point by the Fourth Method (enunciated' in Art. (8), 
and developed in this Part) founded on the intersection of lines, 
lus the serious defect that the point sighted to will be very indefi.- 
uitely determined if the lines which fix it meet at a very acute or 
a very obtuse angle, which the relative positions of the points observed 
from and to, often render unavoidable. Interseclions at right 
angles should therefore be sought for, so far as other coi^iderationa 
will permit. 



Hosted by 



Google 



PAET YI. 



TRILINEAR SURVEYING; 



By the Mfih Method. 

(396) TaiLiHBAB Surveying is founded on the Fifth Method of 
determining the position of a point, by measuring the angles betwen 
three haes conceived to pass from the required point to three 
known points, as illustrated in Art. (JO). 

To fix the place of the point from these data is much more diffi- 
cult than in the preceding methods, and is loiovni as the " Problem of 
the three points." It -will be here solved GeomctricaUy, Instni- 
mentaliy and Analytically. 



C39J) Geometrical Solution. Let A, E and C be the known 

Fig. 271. 




objects observed from S, fee angles ASB and ESC being there 
measured. To fix this point, 8, on the plat containing A, B and 
C, draw lines from A and B, making angles with AB each equal 
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to 90° — ASB. The intersection of these lines at will be the 
centre of a circle passing through A and B, in the circumference 
of which the point S will be situated.* Dcaerihe this circle. Also, 
draw lines from B and C, making angles ivith EC, each equal to 
90= — BSC. Their intersection, 0', will be the centre of a circle 
passiag through B and C. The point S will lie somewhere in its 
circumference, and therefore in its intersection with iiie former 
circumference. The point is thus detemuned. 

In tlie figure the observed angles, ASB and BSO, are supposed 
to have been respectively 40° and 60°. The angles set off are 
therefore 60° and 30°. The central angles are consequently 80° 
and 120°, twice the observed angles. 

The dotted lines refer to the checks explained in the latter part 
' of this article. 

When one of the angles is obtuse, set off its difference from 90° 
on the opposite side of tlie line joining the two objects to that on 
which the point of observation lies. 

When the angle ABC is equal to the supplement of the sum of 
the observed angles, the position of the point will be indeterminate ; 
for the two centres obtained will coincide, and the circle described 
from this common centre will pass through the three points, and 
any point of the circumference will fulfil the conditions of the prob- 
lem, 

A third angle, between one of the three points and a fourth 
point, should always he observed if possible, and used iilie the 
others, to serve as a check. 

Many tests of the correctness of the position of the point deter- 
mined may be employed. The simplest one is that the centres of 
the circles, and 0', should lie in the perpendiculars drawn through 
the middle points of the lines AB and BC. 

Another is that the line BS should he bisected pei-pendicularly 
by the line 00'. 

A third check is obtained by drawing at A and C perpendiculars 
to AB and CB, and producing them to meet BO and BO' produced, 

•For the arc AB measures thp angle AOB a 
_S (90D _ ASB) = 2 ASB. Therelure, any : 
encB and measuiod by the same arc is equal to 
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in D and E. The line DE should pass through S ; for, the angles 
BSD and BSE being right angles, the lines DS and SE form one 
straight line. 
The figure shews these three checks by ita dotted lines. 

(398) Inslrumental Solation. The preceding process is tedious 
where many statioDS are to be determined. They can be more 
readily found by an instrument called a StaHon^ointer, or Choro- 
graph. It consists of three arms, or strajght-edges, turning about 
a common centre, and capable of being set so as to make with each 
other any angles desired. This is effected by means of graduated 
arcs carried on their ends, or by taking off with their points (as 
with a pair of dividers) the proper distance from a scale of chords 
(see Art. (274)) constructed to a radius of their length. Being 
thus set so as to make the two observed angles, the instrument is 
l£ud on a map containing the three given points, and is turned 
about till the three edges pass through these points. Then 
their centre is at the place of the station, for the three points there 
subtend on the paper the angles observed in the field, 

A simple aad useful substitute is a piece of transparent paper, 
or ground glass, on which three lines may be drawn at the proper 
angles and moved about on the paper as before. 

(399) Aoalftical SolutioUi The distances of the required 
point from each of the known points may be obtained analytically. 
Let AB = c; EC = a; ABC = B; ASB = S; BSC = S'. Also, 
makeT = 360°— S — S'— E. LetEAS = U; BOS = V. 
Thea we shall have (as will bo shewn in Appendix E) 



Cot. XT = cot. T ( 



in. S' 



( . sia. S . COS. T 
V = T — U 



sin. S 
i.AES 
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Attenlion must be given to the algebraic signs of the trigonome- 
trica] functions. 

Example. ASB == 33= 45' ; BSC = 22° 30' ; AB == 600 feet ; 
BC-= 400 feet; AC = 800 feet. Eeqmred the distances and 
directions of the point S from each of the stations 

In the triangle ABC, the three sides being known, the angle 
ABC is found to be 104° 28' 39". The formula then gives the 
angle BAS = U = 105= 8' 10" ; whence BCS is found to be 94" 
8' 11" ; and SB = 1042.51 ; SA = 710.193 ; and SC = 934.291. 

(400) Maritime Surveying, The chief application of the Tri- 
linear Method is to Maritime or Hydrographieal Surveying, the 
object of which is to fix the positions of the deep and shallow points 
in harbors, rivers, &c., and thus to discover and record the shoals, 
rocks, channels and other important features of the locality. To 
effect this, a series of signals are established on the neighboring 
shore, any three of which may be represented by our pointa A, B, C. 
They are observed to .from a boat, by meajis of a sextant, and the 
position of the boat is thus fixed as just shewn. The boat is then 
rowed in any desired direction, and soundings are taken at regular 
intervals, till it is found convenient to fix the new position of the 
boat as before. The precise point where each sounding was taken 
can now be platted on tho map or chart. A repetition of this pro- 
cess will determine the depths and the places of each point of the 
bottom. 
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OBSTACLES IN ANGULAR SURVEYrNG. 

(401) The obstacles, such as trees, houses, hills, vallies, rivers, 
&c., which prevent the direct alinement or measurement of any 
desired course, can be overcome much more easily and precisely 
with any angular instrument, than vfith the chain, methods for using 
which were explamed in Part II, Chapter V. They Tfill however 
be taken up in the same order,* As before, the given and measured 
lines are dravm with fine full Imes ; the visual lines with broken 
lines ; and the lines of the result with heavy full lines. 



PERPEMDICPLARS AND PAHALLELS. 

(403) ErectiDg Perpendiculars, To erect a perpendicular to 
a line at a given point, set the instrument at the given point, and, 
if it be a Compass, direct ita sights on the hne, and then turn them 
till the new Bearing differs 90° from the original one, as explamed 
in Art. (243). A convenient approximation is to file notches in 
the Compass-plate, at the 90° points, and stretch over them a thread, 
sighting acKfflS which will give a perpendicular to the direction of 
the aghts. 

The Transit or Theodolite being set as above, note the reading 
of the vernier and then turn it till the new reading is 90° more or 
less than the former one. 
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(403) To erect a perpendmilar tj a, 
given foint of it. Let AB be the Ime 
and A the point. Calculate the distance 
from A to any point C, and the angle 
CAB, bj the method of Art. (430) . Set 
the inatrument at C, sight to A, turn an 
angle = CAB, and measure in the direc- 
tion thus obtained a distance CP = CA . 
the recfuired perpendicular. 



in iccessible line, at a 

Fig. 27S. 




(101) Letting fall perpendiculars. To let fall a 2 
cuiar to a line from a given point. "With the Compass, take the 
Bearing of the ^ven line and then from the given point run a line, 
with a Bearing differing 90° from the original Bearing, till it reaches 
the given line. ■ 

With the Transit or Theodolite, set it at any point of tlie ^ven 
line, as A, and observe the angle between this ^''S- 2'3- 

line and a Ime thence to the given point, A;:;; 

P. Then set at P, sight to the former posi- \,_ 

tion of the instrument, and turn a number of 

degrees eijual to what the observed angle at 

A wanted of 90°. The instrument will then 

point in the direction of the required perpendicular PB. 



(405) To let fall a perpendicular to a line from an inaccessible 
point. Let AB be the line and P the Fig. 271, 

point. Measure the angles PAB, and ^ _^ 

PBA. Measure AB. The angles APC 
and BPC are known, being the < 
ments of the angles measured. Then ia 

A = A B *^"- ^ ^ ^ 

' tan. APC 4- tan. BPC' 
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(i96) To let fail a perpendicular to an inaceessihU line from 
a given point. Let C be the poiut and Fig. 975. 

AB the line. Calculate the angle CAB 
bj tho method of Art. (130). Set the 
instrument at C, sight to A, and tarn an 
angle = 90 — CAB. It will then point 
in tlie direction of the required perpen- 
dicular CE. 

(407) Running Parallels. To trace a line througJi a given 
point parallel to a giv&n line. With the Oompass, take the Bear- 
ing of the given line, and then, from the given point, run a Ime 
with the same Bearing. 

With the Transit or Theodolite, set it at any convenient Bomt 
of the ^ven line, as A, direct Fig. azs. 

it on this line, and note the read- -*-\ " — — ~B 

ing. Then turn the vernier till 

the cross-hairs bisoet the given \ 

point, P. Take the instrument top Q 

this point and sight back to the former station, by the lower motion, 

without changing the reading. Then move the vernier till the 

reading is the supplement of what it w;a3 when the telescope was 

directed on the given line. It Vill then be directed on PQ, 

a parallel to AB, since equal angles have been measured at A 

and P. The manner of reading them is similar to the method of 

"Traversmg," Art. (373). 

(408) To trace a line through a given point parallel to an 
inaccessible line. Let C be the ^ven Fig. 277. 

point, and AB the inaccessible line. -''-'.. ^ 

Find the angle CAB, as in Art. (430). ^S^^^^^^^ 
Set the instrument at C, direct it to A, ■^^'^^ ^ji SFP^i^^a^^s ^ ^ 
and then turn it so as to make an angle G E 

with CA equal to the supplement of the angle CAB. It will then 
point in a direction, OE, parallel to AB. 
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CHAPTER 11. 



OBSTACLES TO ALINEMENT. 

A. To PROLONG A LINE. 
(W9) The instrument being set at the farther end of a line, and 
directed back to its beginning, the eights of the Compass, if that 
be used, will at once give the forward direction of the line. They 
serve the purpose of the rods described in Art, (169). A distant 
point being thus obtained, the Compass is taken to it and the pro- 
cess repeated. The iise of the Transit or Theodolite, for this 
, Tvas felly explained in Art. (376). 



(4!0) By perpendiculars. When a tree, or house, obstructing 
the line, is met with, place the instru- Fig. 378. 

ment at a point E of the line, and set 
off there a perpendicular, to C ; set off 
another at C to D, a third at D to E, u ti 

and a fourth at E, which last will be in the direction of AB pro- 
longed. If perpendiculars cannot be conveniently used, let BC 
and DE make any equal angles with the line AB, so as to make 
CD parallel te it. 

(411) By an equllateraltriangle. 

At B, turn aside from the line at an 4 . 

angle of 60°, and measure some con 

venient distance EC. At 0, turn 60' 

in the contrary direction, and mea 

sure a distance CD = BO. Then will D be a point in the line AB 

prolonged. At D, turn 60° from CD prolonged, and the new 

direction will be in the line of AB prolonged. This method re 

quires the measurement of one angle less than the preceding. 
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(412) By triangulatioii. Let f 

AB be the line to be prolonged. 

Choose some station C, whence 

can be seen A, B, and a point 

beyond the obstacle. Measure "'\/', ,,--'' 

AB and the angles A and B, of c 

the triangle AEC, and thence calculate the side AC, Set the 

insfcrnment at C, and measure the angle ACD, CD being any line 

which will clear the obstacle. Let E be the desired point in the 

lines AB and CD prolonged. Then in the triangle ACE, will be 

known the side AC and its including angles, whence CE can be 

calculated. Measure the resulting distance on the ground, and 

its extremity will be the desired point E. Set the instrument at 

E, sight to C, and turn an angle equal to the supplement of the 

angle AEC, and you will have the direction, EF, of AB prolonged. 

(113) WheD the line to Ite proloiig:ed is InaccessiMc. In 

this case, before the preceding method can be applied, it will be 
necessary to determine the lengths of the lines AB and AC, and 
the angle A, hy the method ^ven in Art. (130). 

(414) Tft prolong a line with onlF an angular instrument. 

This may be done when no means of measuring any distance can be 
obtained. Let AB be the line Fig. asi. 

to be prolonged. Set the in- 
strument at B and deflect an- 
gles of 45° in the directions •^^— 
and D. Set at some point, C, 
on one of these haes and deflect 
from CE 45°, and mark the 

point D where this direction interaects the direction BD. Also, at 
C, deflect 90° from B. Then, afc D, deflect 90° from DB. The 
intersections of these last directions will fix a point E. At E 
deflect 185° from EC or ED, .and a line EP, in the direction of 
AB will be obtained and may be continued. 
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B. To INTERPOLATE POINTS IN A LINE. 

(IIS) The instrument bemg set at one end of a line and directed 
to the other, intermediate points can be found as in Art. (177), 
&c. If a valley intervenes, tlie sights of the Compass, (if the 
Compass-plate be very carefully kept level cross-ways), or the tele- 
scope of the Transit or Theodolite, answer as substitutes for the 
plumb-line of Art. (179). 

(416) By a random line. "When a wood, hill, or other obsta- 
cle, prevents one end of the line, Z, Fig. asa. 
from being seen from the other, A, run ^^f^/^">^ 
a random line AB with the Compass or A"=^SI^i(y{Ss^;^^$.| 
Transit, &c., as nearly in the desired ^ 
direction as can be guessed, till you arrive opposite the point Z. 
Measure the error, BZ, at right angles to AB, as an offset. Multi- 
ply this error hj 57/j, and divide the product by the distance AB. 
The quotient will be the degrees and decimal parts of a degree, 
contained in the angle BAZ. Add or subtract this angle to or 
from the Bearing or reading with which AB was run, according to 
the side on which the error was, and start from A, with this cor- 
rected Bearing or reading, to run another hne, which ivill come out 
at Z, if no error has been conamitted.* 

Example. A random line was run, by compass, with a Bearing 
of S. 80° E. At 20 chains' distance a pomt was reached opposite 
to the desired point, and 10 links distant from it on its right. 
Required the correct Bearing. 

Ans. By the rule, ^^ ^^1]°'^ ^ Q°.2865 = 17'. The cor- 
rect Bearing is therefore S. 80° 17' E. If the Transit had been 
used, its reading would have been changed for the new line by the 
same 17'. A simple diagram of the case will at once shew whether 
the correction is to be added to the original Bearing or angle, or 
subtracted from it. 
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If Trigonometrical Tables are at hand, the correction will be 
more precisely obtained from this equation ; Tan. BAZ = ■^^. 

In this example, --^ = ^---j- = .005 = tan. 17', 

The 57°. 3 rule, as it is sometimes called, may be variously modi- 
fied. Thus, multiply the error by 86°, and divide by one and a half 
times the distance ; or, to get the correction in minutes, multiply 
by 3438 and divide by the distance ; or, if the error ia ^ven in 
feet and the distance in four-rod chains, multiply the former by 52 
and divide by the distance, to get the correction in minutes. 

The correct line may be run with the Bearing of the random 
line, by turning the vernier for the correction, as in Art, (312). 



(in) By Lalitades and Departures. When 
a smglo line, such as AB, cannot bo ran so as to 
come oppc«ito to the given point Z, proceed thus, 
with the Oompms. Run any number of zig-aag 
courses, AB, BO, CD, DZ, in any convenient 
direction, so as at last to arrive at the desired point. 
Calculate the Latitude and Departure of each of 
these courses and take their algebraic sams. The 
sum of the Latitudes will be equal to AX, and that 
oftheDeparturestoXZ. ThenisTan.ZAX=^ ; 

i. e. the algebraic sura of the Departures divided 
by the algebraic sum of the Latitudes ia ^qual to the 
the Bearing.* 



■ig.asa. 




(418) When the Transit or Theodolite is used, any hne may be 
taken as a Meridian, i. e. as the Hne to which the following lines 
are referred ; as in " Traversing," Art. (373), page 254, all the 
succesave lines were referred to the first line. In the figure, on 
the next page, the same lines as in the preceding figure are repre- 

* Tho length of ihe line AZ can also be at onca obtained, since it is equal to 
the square root of the sum of the squares of AX and XZ ; or to the LUilude 
divided by the cosine of the Bearing. 
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sented, but thej are referred to tie first course, ^'s- 284. 

AE, instead of to the Magnetic Meridian as 
before, and their Latitudes are measured along 
ita produced line, and its Departures perpen- 
dicular to it. As before, a right-angled triangle 
■will bo formed, and the angle ZAT will be 
the angle at A between the first line AB and 
the desired line AZ. 

This method of operation has many useful^ 
applications, such as in obtaining data for running Railroad Curves, 
&e., and the student should master it thoroughly. 

The desired angle (and at the same time the distance) can be 
obfeuned, approxkaately, in this and the preceding case, by finding 
in a Traverse Table, the final Latitude and Departure of the desired 
Ime (or a Latitude and Departure having the same ratio) and the 
Bearing and Distance corresponding to these will be the angle 
and distance desired. 




(119) By similar triangles. f's- ^ss. 

Through A measure any lino CD. ' 
Take a point E, on the line CB, 
beyond the obstacle, and from.it Ah 
set ofi" a parallel to CD, to some 
point, F, in the line DB, Measure 
EF, CD, and CA. Then this pro- 
portion, CD ; CA : : EF : EGf, will give the distance EG, from 
E to a point in the line AB. So for other points. 




(420) By trianffulatioii. When /^ra, d 

obstacles prevent the preceding me- '=^:^^^vxf'i^" 
thods being used, if a point, C, can be 
found, from which A and B are accessi- 
ble, measure the distances CA, CB, 
and- the angle ACB, and thence calculate the angle CAB. Then 
observe any angle ACD, beyond the obstacle. In the triangle 
ACD, a side and its inclading angles are known, to find CD. Mea- 
sure it, and a point, D, in the desired line, will be obtained. 
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Obstacles to Measurement. 



CHAPTER m. 



OBSTICLKS TO MEASCREniENT. 

A. "When both ehds op thk line are accessible. 
(121) The mothoda given in the preceding Chapter for prolong- 
ing a line and for interpolating points in it, will generally give the 
length of the line hy the same operation. Thus, in Kg. 278, the 
inaccessible distance BE is oqnal to CD ; in Pig. 279, BD = BC 
^ CD ; in Fig. 280, the distance EE can bo ealoulatod from tiie 
same data as CE ; in Eg. 282, AZ = VCAE^ 4- EZ=) ; in Fig. 
283, AZ = VCAX^ + XZ^) ; in Fig. 284, AZ = V(AT2 + 



TZ^); 



n Fig. 285, AG: 



- &B (CA— Eft) . 
EG 



in Fig. 286, the tri- 



angle ACD ■will ^ve the distance AD. The method of Latitudes 
and Departures, Arts, (417) and (418), is very generally appli- 
cable. So is the following. 



(422) By triangulatlon. Let AB 

be the inaccessible distance. From 
any point, C, from wiiieh both A and 
B are accessible, measure CA, CE, 
and tie angle ACB. Then in the 
triangle ABC two sides and the in- 
cluded angle are known to find the 
side AB. If all the angles can he 
rected, as in Art. (S87).* 



Fig. 287. 




(123) A liroken Base. When the angle C is very obtuse, the 
preceding problem may be modified as follows. Naming the lines 
as is usual in Trigonometry, by small letters corresponding to the 

.the angular point enclosed in a circle 
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capital letters at the angles to which they are opposite, and letting 
K = the number of minutes in the supplement of the angle C, we 



AB = c 



= a + 5 — 0.000000042308 



a+b' 



This formula is chiefly used in the case of ivhat is called in Tri- 
angular Surveying "A broken Base;" such as above; AC and 
CE being measured and forming very nearly a Btraight line, and 
tlic length of AB being required. 

Log. 0.000000042308 = 2.6264222 — 10. 



(424) By aisles lo known points. The length of a line, both 
ends of which are accessible, may also be determined bj angles 
measured at its extremities between it and tlie directions of two or 
more known points. But as the methods of calculation involve sub- 
sequent problems, they wiU be postponed to Articles (135), (436) 
and (4S7). 

B. When one end of the line is inaccessible. 

(425) By Perpendiculars. Many of the methods given for 
the chain, in Part II, Chapter V, may be still more advantageously 
employed with angular instruments, which can so much more easily 
and precbeJyset off the Perpendiculars required in Articles (191), 
(192), (I9S), &c. 



Fig, 289, 

A(i(( 

1" 



(426) By eqnal aisles. Let AB 

be the inaccessible line. At A set off '-I*,. 
AC, perpendicular to AB, and as 
nearly equal to ,it, by estimation, aa 
the ground will permit. At C, mea- 
sure the angle ACB, and turn the 
Mghts, or vernier, till ACD = ACB. 
Find the point, D, at tlie intersections of the lines CD and BA pro- 
duced. ThenisAD=AB. 
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(i27) By ti'iangllJalion. Measure a distance 
AC, about equal to AB. Measure the angles at df5. 
A and C, Then in the triangle ABC, two angles ' 
and the included aide are known, to find another ■ 
i.ACB 



side, AB = 



1. ABC 




When the compass is used, the angles between c 
the linea will be deduced from their respective ' 
Bearings, by the principles of Art. (243). 

If the angle at A ia 90°, AB = AC . tang. ACB. 

If the angle ACB = 45°, then AC = AB; but this position 
could not easily be obtained, except by the use of the Sextant, a 
reflecting inairument, not described in this volume. 



(428) Wben one point cannot be seen from the othcr,- 

Ctioose two points, and D, in the line 
of A, and such that from C, A and E can 
be seen, and from I>, A and B. Measure 
AC, AD, and the angles C and D. Then, 
in the triangle BCD, are known two an- 
gles and the included side, to find GB. 
Then, in the triangle ABC, are known 
two sides and the included angle, to find 
the third side, AB. 




(439) To find the distance from a given iwjnt to an inacces- 
sible line. In Fig. 275, Art. (40ft), the ret^uired distance is 
CE, The operations therein directed give the line CA and the 
an^e CAB, or OAE. The required distance CE = CA . sin. OAE. 
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C. When both ends of the LraE aee inaccbssiblb. 

(430) General Mclhod. Let ^^^s ^s^. 

AB be the inaccessible line. ^'-"/'^ 

Meaaure any convenient distance 
CD, and tbe angles ACD, BCD, 
ADC, EDO. 

Then, in tbe triangle CDA, 
two angles and the included side , 
are given, to find CA. In the 
triangle CDB, two angles and tiie 
included side are given, to find 
OB. Then, in the trian^e ABO, 
two sides and tbe included angle 
are given, to find AB. 

Tbe work may be verified by taking another set of triangles, 
and finding AB from the triangle ABD instead of ABO, 

The following formulag will however give the desired distance 
with less labor. 

Find an angle K, such that tang. K = - ■ ' - ■ " .^" ^^^^ . 

Then find the difiercnee of the unlmown angles in the triangle 
CAB from the formula 

Tang. ^ (CAB — ABC) = tang. (45°— K) .cot. i ACB. 
Then is CAB = 1 (CAB -ABC) + i (CAB + ABO), 
r^- ,T KTi rn^sk. EDO .sin. ACB 
FinaUy, AB = CD ^- „ OED . sin. GAB" 

Example. Let CD = 7106.25 feet; ACD = 95° 17' 20"; 
BOD - 61' 41' 50" ; ADC = 39° 38' 40" ; BDC = 78= 35' 10"; 
required AB. 

The figure is constructed lyith these data on a scale of 5000 feet 
to 1 inch = 1:60000. 

By the above formulas, K is found to be 30° 26' 5" ; CAB = 
118= 55' 37" ; and lastly AB = 6598.32. 

Both the methods may be used as mutual checks in any im 
portant ease. 
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If the linea AE and CD crossed 

h otiier, as in Fig. 293, instead of ((a'-V 

; situated as in the preceding N^v 

figure, the same method of caJcular- ~^|rm 

tion would apply. M 




(431) Pro&Iem< To measure cm inaecessiUe distance, AB, 
wh&n a point, C, in its line can he obtained. Set the instrument 
at a point, D, froin which A, B 
and C can be seen, and measure 
the angles CDA and ADB. 
Measure also ihe line DC and 
the angle C. Then in the tri- 
angle ACD two angles and the 
included side are given to find 
AD. In the triangle DAB, the 
angle DAB is known, (heing equal to ACD+ CDA), ajid AD 
having heen found, wc again have two angles and tho included side 
to find AB. 




(432) Problem. To measure an inaaeessibU distance, AB, 
when onli/ one point, C, can be fownd from which both ends of the 



andCBa 



Fig. 295. 



Consider CA 
tances to be detei^ 
mined, having one end accessible. 
Determine tkem, as in Art. (427), 
by choosmg a point D, from which 
C and A are viable, and a point E 
from which C and B are visible. 
Ate observe the angles DCA,ACB ^ 

and ECE. Measure the distances CD and CE. Observe the 
angles ADO and BEC. Then inthe triangle ADC, two angles and 
the included side are given, to find CA ; and the same in the tri- 
angle CBE, to find OB. Lastly, in the triangle AOB two aides 
and the included angle are known, te fi.nd AE. 
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(433) ProWem. To measure an inacoessibU distance, AB, 
when 110 point can be found from which the two ends can he seen. 
Let C be a point from wliich A is Fig. i2SG. 

visible, and D a point from which 
B is visible, and also C. Measure 
CD. Knd the distances CA and 
DE, as in the preceding problem ; 
i. e. choose a point E, from which A 
and C are visible, and another ^ ^ 

point, F, from which D and B are visible. Measure EC and DF. 
Observe the angles AEC, EGA, BDF and DEB ; and at the same 
time the angles ACD and CDB, for the subsei^uent work. Then 
CA and DB will be found, as were OA and CB in the last problem. 
Then in the triangle CDB, two sides and the included angle are 
known to find CB and the angle DCB ; and, lastlj, in the triangle 
ACB, two sides and the included angle (the difference of ACD 
and DCB) to find AB. 




(434) Problem. To iulerjpolatc & Base. Four maccemUe 
o^ects, A, B, C, D, being in a right rig. 297. 

line, and visible from ordy one point, a ^___ ^!!,-^\ '«— 

E, it is required to determine the dis- ^^r-i. — j^Jv// V^&J_ 
tance betwem the middle points, B 
and C, the exterior distances, AB 
and CD, being known. 

LetAB = a, CD = 5,BC=a;; 
AEB = P, AEC = Q, AED = E . 

CalcTilate an auxiliaiy angle, K, such that 



tanf'.^ K ^= 



iab 



■(B-P) 



Then is ; 



(a — by ' siaP .sin:(R— Q)' 
a+b a—b 

2 ^ 2 . COS. K" 



Of the two values of a;, the positive one is alone to be taken. 
This problem is used in Triangular Survejing when a portion of 
Base line passes over water, &e. 
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(435) Problem< Given the angles oMerved, at the ends of a 
line which cannot he measured, between it and the ends of a line 
of known length hut iwteoes&ible, required the length of the former 
line. This Problem is the eonverae of that ^ven ia Art. (130). 
Its figure, 292, may represent the case, if the distance AE be 
regarded as known and CD as that to be found. Use the first and 
second formulas as before, and invert the last formula, obtaining 

^^-^^ . in EDO .m ^C B 

This problem miy ilso he tohed, indirectly, by assuming any 
length for CD, and thence cil^ulatmi^ as in tho first part of Art. 
(430), the !bngth of AB on this hypothesis. The ima^nary 
figure thus calculated is similar to the true one ; and the true 
length of CD ■ivill be y\ en by this proportion ; calculated length 
of AE : true length of AB ibsumed length of CD : true length 
of CD. 

The length of AB can also be obtained Fig. a98. 

graphically. Take a line of any length, 
as CD', and from C and D' lay ofi" angles 
equal to thceo observed at C and D, and 
thus fix points A, B'. Produce AE' tiU it 
equals the given distance AB, on any de- „ ■ -■ 
sired scale. From B draw a parallel to ~"- 
B'D', meeting AD' produced in D; and "^""''-^i'i 

from D draw a parallel to D'C meeting ** 

AC produced in C. Then CD will be the required distance to 
the same scale as AB. 

(436) ProWem. Three points, A, B, C, hdng given hy their 
disttmees from each other, and two other points, P and Q, being 
so situated tJmt from each of them two of the three points can he 
seen and the angles APQ, EPQ, CQP, BQP, he measured, it is 
required to determine the ^sitions of P and Q. 
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CONSTRTICTIOK. Ee 

asinArt. (397),by 1 s b 
ing a circle passing tl rougl 
A and B, and having the cen 
tral angle subtended bj AB 
equal to twice the give an 
gle APJB, and thus ont^ui 
ing that angle. 'The point 
P will lie somewhe e t 

cireamference, De ^e inothe c le p ng tkrf> ^h B ind C, 
and having a central anje subtealed ty BC e^ al to tnee the 
given angle BQC. The po nt T v 11 1 e son ewl ere ts cir- 
cumference. From A draw t 1 ne mat n^, with AB an ngle = 
BPQ, and meeting at X the c le fi t I awn IV m di-aw a 
line making with CB an anje ^ BQP 1 n eet ^ t\e second 
circle in Y. Join XT %nH p oduce t till it ts tl e c cles in 
points V and Q, whi h will be tl o e eq ed s nee BP\ = BAX 
= BPQ; and BQ'i =E01=BQP 

Calculation. In the tr anjo ABC , tl e s les being g ven, the 
angle ABC is known. In the triangle ABX, a side and all the 
angles are known, to find BX. In the triangle GEY, BY is simi- 
larly found. By subtracting the angle ABC from the sum of the 
angles ABX and CBT, the angle XBT can be obtained. Then 
in the triangle XBT, the sides BX, BT, and the included angle 
are ^ven to find the other angles. Then in the triangle BPX 
are knbwn all the angles and the side BX to find BP. In 
the triangle BQY, EQ is found in like manner. Finally, in the 
triangle BPQ, PQ can then be found. 

If desired, we can also obtain AP in the triangle APB ; and CQ 
m the triangle CBQ. 

(437) ProWem. Four points, A, E, C, D, heing given in 
podtion, hy their mutual distances and directions, and ttoo other 
points, P and Q, hemg so situated that from each of them two of 
the four points can be seen and the angles APB, APQ, PQC and 
PQD measured, it is required to determine the position of P am? Q. 
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CoNSTRUL.TiON' Begin as m the lost 11 tide, hy deaenbui^ on 
AB the segmeat of a circle to cont%in an inf;le eq la! to APE 
From B draw a chord BE making an angle viith BA e [ual t^ the 
su]piem nt of the -m^le tPQ On CD describe another sej,ment 
to contain an angle equal to CQD. From C diaw a chord CF, 
making an angle with CD equal to the supplement of the angle 
DQP. Draw the Sine EF, and it will cut the two circles in the 
required points P and Q.* 

CaecdIiATION. To obtain PQ = EF — EP — QF, we proceed 
to find tdose three lines thus. In the triangle ABB, we know the 
side AB, the angle ABE, and the angle AEB = APB ; whence 
to find EB. In the same way, the triangle CFD gives FC. In 
the triangle EBC are known EB and BC, and the angle EBC = 
ABO — ABE; whence EC and the angle ECB are found. In 
the triangle ECF are known EC, FC, and the angle ECF =^ BCD 
_ECB— FCD; whence we find EF, and the angles CEP and 
CPE. 

In the triangle BEP, wo have EB, the angle BEP = BEC + 
CEP, and the angle BPE == BPA + APE ; to find EP and PB. 
In the triangle QCF, we have CF, and the angles CQF and CFQ, 
to find QC and QP. Then we know PQ = EF — EP — QP. 



* For, ihe angle APQ in the figure equals the meoaurBcl angle APQ, becauee 
(he supplement of the foimer, BPA, eqnak the aiipplcment of Ihe latter, since it 
.red by the same arc as the angle ABE, equal to that supplement by con- 
"> too ivhbliie angle DQP, 
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The other distances, if desired, can be easily found from the above 
data, some of the calculations, not needed for PQ, being made with 
reference to thorn. In the triangle ABP, wc know AB, BP, and 
the angle BAP, to find the angle ABP and AP. In the triangle 
QDC we know QC, CD, and the angle CQD, to find the angle 
QCD and QD. In the triangle PBC, we know PB, BC, and the 
angle PBC = ABC — ABP, to find PC. Lastly, in the triangle 
QCB, ire know QC, CB, and the angle QCB = I>CB— DCQ, to 
find QB. 

The solution of this problem includes the two preceding ; for, let 
tie lino BC be reduced to a point ao that it8 two ends come toge- 
ther and the three lines become two, and lye have the problem 
of Art. (436) ; and let the line AB be reduced to a point, B, 
and CD to a point, C, and we have but one line, and the problem 
becomes that of Art, (435)- 

In these three problems, if the two stations lie in a right lino 
with one of the given points, the problem is indetci'minate. 



Four points, A,B,C,D, 
Fig. 3(11, 



(4S$) Problem of the ei^t points. 

are inaeeessihle, hut visible 
from four other points, E, 
P, G, H ; it is 
find the respects 
of these eight points ; the 
ordy data being Hie ohser- 
vation, from, each of the 
points of the second sys- 
tem, of the angles under 
which are seen the points 
of the first system. 



This problem can be solved, hut the great length and complica- 
tion of the investigation and resulting formulas render it more a 
matter of curiosity than of utility. It may he found in Puissant's 
" Topographie," page 55 ; Lefevre's " Trigonometrie" p. 90, and 
Lefevre'a " Arpentage" No. 387. 
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CHAPTER TV". 



TO SrPPLI OMISSIOjVS. 



(439) Any two omissions in a closed surrey, wliether of the 
direction or of the length, or of hoth, of one or more of the sides 
bounding the area surveyed, can always be supplied by a suitable 
application of the principle of Latitudes and Departures, as was 
stated in Art. (283) ; although this means should be resorted to 
only in cases of absolute necessity, since any omission renders it 
impossible to "Test the survey," as directed in Art. (282). In 
the following articles the survey will be considered to have been 
made with the Compass. All the rules will however apply to a 
Transit or Theodolite survey, the angles being referred to any line 
as a meridian, as in " Traversing," 

To save unnecessary labor, the exaa 
now to be examined, will all be taken 
from the same survey, a plat of which 
is ^vea in the margin on the scale of 
40 chains to 1 inch (1:31,680), and ^ 
the Field-notes of which, with the 
. Latitudes and Departures carried out a ^ 
to five decimal places, are ^ven on 
the following page.* 




* The teacher can make any number of ciamplea for hia own nao by taking 
a tolecably accurate survey, striking out the beBi-ing and distance of any ane 
coarse, and calculating it prccissly as in Case I, given below. He can then omit 
any iwo quantities at will, to be supplied by the student by meana of the tuIce 
now to be given. 
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.,. 


....:... 


,/iTJhs 


LATITUI3ES. 


DEPABTUKES. 


N. 


.'i. 


E. 


W. 


A 


Norih. 


12S4 


12S4.00000 







D 


a 


N. aa=E. 


1782 


1511.93171 




S44.3I619 







N. 80° B, 


2400 


416.7556S 




2363.53872 




D 


s. 48° e: 


2700 




1806.65262 


200G.49nD(! 




M 


S. 18° VV. 


28S0 




2720.02159 




883.78862 


b' 


N.73=98'ai"W. 


462 1^ 


1314.69682 






4430.55725 


4538.157421 4596.67421 5314.34587 5314.345871 



Case 1, When the length and the Bearing of any one side are 



(110) Find tlie Latitudes and the Departures of the r 
sides. The difference of the North and South Latitudes of these 
hnes, is the Latitude of the omitted line, and the difference of their 
Departures is its Departure. This Latitude and Departure are two 
sides of a right angled triangle of ivliich the omitted line is the 
hjpothenuse. Its length is therefore equal to the square root of 
the sum of their squares, and the quotient of tiie Departure divided 
by the Latitude is the tangent of its Bearing ; as in Art. (417). 

In the above survey, suppose the course from F to A to have 
been omitted or lost. The diSerenee of the Latitudes of the 
remaining courses ■will he found to bo 1314.69682, and the differ- 
ence of the Departures to be 4430.55725. The square root of the 
sum of their squares is 4621.5 ; and the quotient of the Departure 
divided by the Latitude is the tangent of 73° 28' 21". The de- 
ficiencies were in North Latitude and West Departure ; and the 
omitted course is therefore N. 73" 28' 21" W., 4621.5 

Cask 2. When the length of one Bide and the Bearing of 
another are wanting. 

(441) When the deficient sides adjoin each other. Find, as 
in Case 1, the length and Bearing of the line joining the ends of 
the remaining courses. This line and the deficient hnes will form a 
triangle, in which two sides will be laiown, and the angle between 
tlie calculated side and the side whose Bearing is given can be 
found by Art. (243). The parts wanting can then be obtamed 
by the common rules of Trigonometry. 
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To Supply Omissions. 



In the figure, let the length of EF, 
and the Bearing of FA be the omitted 
parts. The difference of the suma of 
tlio N. and S. Latitudes, and the E. 
and W. Departures of the complete 
courses from A to E, are respectively 
1405.32477 North Latitude, and 
5314.34587 East Depaj-ture. The 
course, EA, corresponding to this de- 
ficiency ive find, by proceeding as in case 1, to be S. 75° 11' 15" 
W., 5497.026. The angle AEF is therefore = 75° 11' 15" — 
18" = 57° 11' 15". Then in the triangle AEF are given the 
sides AE, AP, and the angle AEF to find the remaining parts ; 
viz. the angle AFE = 9r 28' 21", whence tie Bearing of 
FA = 91° 28' 21" — 18= = N. 73° 28' 21" W.; aod the ade 
EP = 28.60. 




(442) When the ileficient sides are separated from each other. 

A modification of the preceding method will still apply. In this 
figure let the omissions be tlie Bearing Fig. 30i. 

of PA and the length of CD. Imagine 
the courses to change places without 
changing Bearings or lengths, so as to 
bring the deficient lines next to each Sf 
other, by transferring CD to AG, AB 
to GH, and BC to HD. This will not 
affect their Latitudes or Departures. 
JoiuGF. Then in the figure DEFGH, 
the Latitudes and Departures of all the sides but EG are known, 
whence its length and Bearing can be found as in Case 1. 
Then the triangle AGF may be treated like the triangle AEF 
in the last article, to obtain the length of AG = CD, and the Bear- 
ing of PA. 




(443) Otherwise, hy changing the Meridian. Imagine the field 
to turn around, till the aide of which the distance is unloiown, 
becomes the Meridian, i. e. comes to be due North and South ; 



Hosted by 



Google 



300 



OBSTACLES IS AiVCirLAR SCRVEYIXG. [pa 



all the other sides retaiiimg their relative poaitiona, and continuing 
to make the same angles with each other. Change their Bearings, 
accordinglj, as directed in Art, (214). Find the Latitudes and 
Departures of the sides in their new positions. Since the side 
whose length was unknown has been made the Meridian, it has no 
Departure, whatever may be ite unknown length ; and the difference 
of the columns of Departure will therefore he the Departure of the 
side whose Bearing is unknown. The length of this side is given. 
It is the hypothenuse of a right angled triangle, of which the De- 
partm^e is one side. Hence the other side, which is the Latitude, 
can bo at once found ; and also the unknown Bearing. 

Put this Latitude in the Table in the blank where it belongs. 
Then add up the columns of Latitude, and the difference of their 
sums will be the unknown length of the side which had been made 
a Meridian." 
Let the omitted quantities be, as in the last article, the length 
of CD and the [Bearing of FA. 
Make CD the Meridian- The chang- 
ed Bearmgs will then be found by 
Art. (214) to be as in the mar^o. 
To aid the ima^nation, turn the 
book around till CD points up and 
down, aa North lines are usually 
placed on a map. Then obtain the Latitudes of the courses with 
their new Bearings and old distances, and proceed as has been 
directed. 

Case 3. When the lengths of ttin tii'S xrewanting 

(444) When the deficient sides adjoin each other Find the 
Latitudes and Departures of the otl ei c i b it I then by Case 
1, find the length and Bearing of the 1 ne joining, the extiemities 
of tiie deficient courses. Then, in the trn Je th \b fo -med, are 
Iqiown one side and all the angles (leliccl f om the Bearings) to 
find the lengths of the other two siies 

* This conception nf Ihna changing the Be a b n ed o be d to Prof. 

Robert Patterson, of Philadelphia, by who n as on n t 1 to Mr. John 

Gummere, and pnblisbcd by him, in I8H a\ Tel b =J "g." 
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N. SO^E. 


iiorih. 


D 


S. 48" E. 


N. 5a°E. 
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8, 18° W. 
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Tbm, in Fig, 303, page 299, lot EF and FA be the sides whose 
lengths are unknown. EA is then to be calculated, and its length 
will he found, as in Art. (441), to he 5497.026, and its hearing 
S. 75° 11' 15" W., whence the angle AEF= 75° 11' 15" — 18° 
= 57° 11' 15" ; AFE = 18° + 73° 28' 21" = 91° 28' 21" ; and 
BAF = 31' 20' 24"; whence can be ohtamed EF = 28.60 and 
FA = 46.215. 

(443) Wlien tbe deficient sides are separated from eacb otlier> 

Let the lengths of BC and DE be those fig. 305. 

omitted. Again imagine the courses „ ^^^__5 

to change places, so as to bring the /\^ ^v 

deficient lines together, DE being /' ^\_^ \ 

transferred to CG, and CD to GE. ^j'" -^\_ — ^B 

Join EG. Then in the figure J ^ / 

AJBGEFA, are known the Latitudes " ^""'^•.^^^^ / 

and Departures of all the courses ex- —..../ 

eept EG, whence its length andBearing ^ 

can he found as in Case 1. Then in the triangle BCG, the angle 
OBG can be found from the Bearings of CB and BG, and the angle 
0GB from the Bearings of BG and GO. Then all the angles of 
the triangle are known and one side, BG, whence to find the 
required sides, EC = 17g2, and CG=DE = 2700. 

(416) Othsrwisefhy changing the Meridian. As in Art. (44$), 
imagine the field to turn around, till one of the sides whose length 
is wanting, becomes a Meridian or due North and South. Change 
all the Bearings correspondingly.: Knd the Latitudes and Depar- 
tures of the changed courses. The difierence of the columns of 
Departure will be the Departure of the second course of unknown 
length, since the course made Meridian has now no Departure. 
The new Bearing of this second course being given, in the right 
angled triangle formed by this course, as an hypotiienuse, and its 
Departure and Latitude, we know one side, the Departure, and 
tJie acute angles, which are the Beanng ind its complement. The 
length of the course is then readily calculated ; and also its Lati- 
tude. This Latitude being insetted in its pioper place, the djffer- 
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North. 


N. 33" W. 
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N. 32" E. 


Norih. 
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N. 8D° B. 


N. 48° B. 


D 


8. 4S° B. 


S. 80" B, 
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S. 18" W. 


S. 14" B. 


F 


N. 73" 28' 31" W. 


S. 74" 31' 39" W. 
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ence of the cohimns of Latitude will be the Un^th ot that minting 
side ■wbich had been made a Meridian 

Thna, let the lengths of BC and DE 1 l w uitmg aa m the pre- 
C(,(.bn„ e\'\mple Make BO 
aMciidian Ihe other Bear- 
ings aie then chingcd as in 
the niirgin Calcnhte new 
Latitudes ind Depirtures. 
The difference of the Depar- 
tures lull be the Departure 
of DE, since BC, being a Meridian, has no Departure. Hence the 
length and Latitude of DE are readily "obtained. This Latitude 
being put in the table, and the columns of Latitude then added up, 
their difference will be the length of BO. 

Case 4. Whm the Beannys of two iddes are wanting. 

(_U7) When the deficient sides adjoiu eacb other. Find the 
Latitudes and Departures of the other aides, and then, as in Case 
1, find the length and bearing of the lino joining the extiemitics 
of the deficient aides. Then in the triangle thus fnrmcd we have 
the three sides to find the angles and thence the Bearinj,s. 

(418) When the deficieul sides are separated t^om each other. 

Change the places of the sides so as to bring the deficient ones 

next to each other. Thus, in tlie Fig. 3oa. 

figure, supposing the Bearings of CD, 

and EF to be wanting, transfer EF to 

DG, and DE to GF. Then calculate, 

as in Case 1, the length and Bearing 

of the line joining the extremities of 

the deficient sides, CG in the figure. 

This line and the deficient aides form a 

triajigle in which the three sides are 

^ven to determine the angles and thence the required 

' The fullest Investigation of this Bul;))ec(, developing many curious points, will 
be found in Mascheroni's " ProMemei de Geemeirie poBT let AT^eateuri," and Lhn- 
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PART VIII. 



PLANE TABLE SURVEYING. 



(449) The Plane Table ia in substance merely a drawing board 
fixed on a tripod, so that lines may be drawn on it by a ruler placed 
so as to point to any object in sight. All its parts are mere addi- 
tions to render this operation more convenient and precise. 

Such an arrangement may be applied to any kind of " Angular 
Surveying"; such as the Third Method, " Polar Surveying," in 
its two modifications of Radiation and Progression, (characterized 
in Art. (220)), and the Fourth Method, by Intersectimis. Each 
of these will be successively explained. The instrument ia very 
convenient for filfing in the details of a survey, when the principal 
points have been determined by the more precise method of " Tri- 
angular Surveying" and can then be platted on the paper in 
advance. It has the great advantage of dispensing with all 
notes and records of the measurements, since they are platted as 
they are made. It thus saves time and lessens mistakes, but is 
wanting in precision, 

(450) Tile Table. It is usually a rectangular board of well 
seasoned pine, about 20 inches wide and 30 long. The paper to 
be drawn upon may be attached to it by drawing-pine, or by clamp- 
mg plates fixed on its sides for that purpose, or by sprmgs pressed 
upon it, or it may be held between rollers at opposite sides of the 
table. Tinted paper is less dazzling in the sun. Cugnot's joint, 
described on page 134, is the best for connecting it ivith its tripod, 
though a pair of parallel plates, like those of the Theodolite, are 
often used. A detached level is placed on the board to test its 
horizontality ; though a smooth ball, as a marble, will answer the 
same purpose approximately. 
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A pair of sights, like those of the compass, are sometimes 
plaoed under the board, serving, like a " Wateh Telescope," (Art. 
(339), to detect aaj movement of the instrument. To find what 
point on the lower side of tlie board is exactly under a point oa 
the upper side, so that by suspending a plumb-line from the former 
the latter may be exactly over any desired point of ground, a large 
pair of " callipers," or dividers with curved legs, may he used, one 
of their points being jJaced on the upper point of the board, and 
their other point then determining the corresponding under point ; 
or a frame forming threo sides of a rectangle, like a slate frame, 
may be placed so that one end of one side of it touches the upper 
point, and the end of the corresponding side is under the table 
precisely below the given jioint, so that from this end a plumb-line 
cam be dropped. A compass ia sometimes attached to the table, 
or a detached compass, consisting of a needle in a narrow box, 
(called a Declinator), is placed upon it, as desired. The edges 
of the table are sometimes divided into degrees, like the *' Drawing 
board Protractor," Art. (278). It then becomes a sort of Gonio- 
meter, hke that of Art. (2!3). 

(451) The Alidade. Tho ruler has a fiducial or feather edge, 
which may be divided into inches, tenths, &e. At each end it 
carries a sight like those of the compass. Two needles would be 
telerable substitutes. The sights project beyond its edge so that 
their centre hues shall be precisely in the same vertical plane as this 
edge, in order that the Imes drawn by it may correspond to the 
lines sighted on by them. To test this, fix a needle in the board, 
place the alidade against it, sight to some near point, draw a line 
by the ruler, turn it end for end, again place it against the needle, 
again sight to the same point, and draw a new line. If it coincides 
with the former Ime, the above condition is satisfied. The ruler 
and sights together take the name of AMade. If a pomt should 
be too high or too low to be seen with the alidade, a plumb-line, 
held between the eye and the object, will remove the difiieulty. 

A telescope is sometimes substituted for the sights, being sup- 
ported above the ruler by a standard, and capable of pointing 
upward or downward. It admits of adjustments similar in principle 
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to tie 2d and 3d adjustments of the Transit, Part IV, Chapter 3, 
pagea 242 and 246. 

But even without these adjustments, whether of the sights or 
of the telescope, a survey could be made which .would be per- 
fectly correct as to the relative position of its parts, however far 
the hne of eight might be from lying in the same vertical plane 
as the edge of the ruler, or even from being parallel to it ; just as 
in the Transit or Theodolite the index or vernier need not to be 
fxaotly under the vertical hair of the telescope, since the angular 
deviation affects all the observed directions equally, 

(452) Method of Radia(ion> This is the simplest, though not 
the best, method of surveying with the Plane-table, It is especi- 
ally applicable to survey- Fig. 307. 
ing a field, as in the figure. 
In it and the following fi- 
gures, the size of the Table 
is much exaggerated. Set 
the instrument at any conve- 
nient point, asO; level it, "n 
and fix a needie (having a 
head of sealing-wax) in the 
board to represent the sta- F B 
tion. Direct the alidade to any comer of the field, as A, the fiducial 
edge of &e ruler touching the needle, and draw an indefinite line by 
it. Measure OA, and set off the distance, to any desired scale, from 
the needle point, along the line just drawn, to a. The line OA is 
thus platted on the paper of the table as soon as determined in the 
field. Determine and plat in the same way, OB, OC, &c., to S, <?, 
&c. Join ab, he, &c., and a complete plat of the field is obtained. 
Trees, houses, hills, bends of rivers, &c., may be determnied in 
the same manner. The corresponding method with the Compass 
or Transit, was described in Articles (258) and (39!)- The table 
may be set at one of the angles of the field, if more convenient. 
If the alidade has a telescope, the method of measuring distances 
■with a stadia, described m Art. (375), may be here applied with 
great advantage. 

20 
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(453) Method of Progression. Let ABCD, &<;., be the line 
to l)e surveyed. _ Fig- 303. 

Fix a needle at a 
convenient point 
of the Plane-table, 
near a corner so 
as to leave room 
for the plat, and 
set up the table at 
E, the second an- 
gle of the line, so 
that the needle, 
whose point repre- 
sents B, and which should be named h, shall he exactly over that 
station. Sight to A, pressing the fiducial edge of the ruler against 
the needle, and draw a lino bj it. Measure BA, and set off its 
length, to the desired scale, on the line just drawn, from 6 to a 
point a, representing A. Then sight to C, draw an indefinite line 
by the ruler, and on it set off the lengtli of BC from i to c Pix 
the needle at c. Set up at C, the point c being over this st-ation, 
and make the fine cb of the plat coincide in direction with CB on 
the ground, by placing the edge of the ruler on cb, and turning the 
table till the eights point to E. The compass, if the table have 
one, will facilitate this. Then sight forward from C to D, and fix 
CD, cd on the plat, as he was fixed. Set up at D, make do coincide 
with DC, Euid proceed as before. The figure shews the lines 
draivn at each successive station. The Table drawn at A shews 
how the survey might be commenced there. 

In going around a field, the work would be proved by the last 
line " closing" at the starting point, and, during the progress of 
the survey, by any direction, as from C to A on the ground, coin- 
ciding with the corresponding line, ea, on the plat. 

This method is substajitially the same as the method of survey- 
ing a line with the Transit, explained in Art. (372). It requires 
all the points to be accessible. It is especially suited to the sur- 
vey of a road, a brook, a windmg path through woods, &e. The 
o!^eta required may often be sketched in by eye with sufficient 
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When the paper is filled, put on a new sheet, and begin by fixing 
on it two points, such as C and p, which were on the former sheet, 
and from them proceed as before. The sheets can then be after- 
wards united, so that all the points on both shall be in their true 
relative p 



(451) Method of Intersection. This is the most nm-il and 
the most rapid method of using the Plane-tablp The principle 
■was referred to in Articles (359) and (392). &ct up the mstru- 
ment at any convenient point, as X in the figure, and bight to ail 




the desired pointe A, B, C, &c., which are visible, and draw inde- 
finite lines in their directions. Measure any line XY, Y being 
one of the points sighted to, and set off this iine on' the paper to 
ajiy scale. Set up at Y, and turn the table till the line XT on 
the paper lies in the direction of XY, on the ground, as at C in the 
last method. Sight to all the former points and draw lines in their 
directions, and the intersections of the two lines of sight to each 
point will determine them, by the Fourth Method, Art. (8). 
Points on the other side of the line XY could he determined at the 
same time. In surveying a field, one side of it may he taken for 
the base XY. Very acute or obtuse intersections should be 
avoided. 30° and 150° should be the extreme limits. The impos- 
sibility of always doing this, renders this method often deficient in 
precision. When the paper is filled, put on a new sheet, by fixing 
on it two knovfn pomts, as m the preceding method. 
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(455) Method of Resection. Thismctliod (called bj the Frencli 
a modification of tlie preceding metliod of Inter- 




section. It requires the measm-ement of only one distance, but all 
the points must be accessible. Let AB be the measured distance. 
Lay it off on the paper as ab. Set the table up at E, and turn it 
till the line ba on the paper coincides with BA on the ground, as 
in the Method of Progression. Then sight to 0, and draw an inde- 
finite line by the ruler. Set up at C, and turn the hue last drawn 
so as to point to B. Fix a needle at a on the table, place the 
aJidade against the needle and turn it till it sights to A. Then the 
point in which the edge of the ruler cuts the line drawn from B 
will be the point c on the table. Next sight to D, and draw an 
indefinite line. Set up at D, and make the line last drawn point 
to C. Tlien fix the needle at a or b, and by the alidade, as at the 
last station, get a new line back from either of them, to cut the last 
drawn line at a point which will be d. So proceed as far as de- 
sired. 

(456) To orient (he tabic." The operation of orientation con- 
sists in placing the table at any point so that its lines shall have 
the same directions as when it was at previous stations in the same 
svitvey. 



' The French phrase. To orUnl one'E self, meaning to delem 
usually wilh respect lo the fnur quarters of the heavens, of w 
the leading one, well desecvea naturalization in our language. 
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With a compass, this is very easily efFectcd by turning tlie table 
tall the needle of the attached compass, or that of the Declinator, 
placed in a fixed position, points to the same degree aa when at 
the previous station. 

Without a compass the table ia oriented, when set at one end of 
a line previoi^ly determined, by sighting back on this line, as at C 
in the Method of Progresaion, Art. (453). 

To orient the table, when at a station HQConuected Vfith others, 
is more difficult. It may be fig, gn, 

effected thus. Let ab on the tar 
ble represent a line AB on the 
ground. Set up at A, malse ab 
coincide with AB, and draw a 
line from a directed towards a 
steeple, or other conspicuous ob- 
ject, as S. Do the same at B. Draw a line cd, parallel to ab, 
and intercepted between aS, and 6S. Divide ab and cd into the 
same number of eijual parts. The table is then prepared. Now 
let there be a station, P, p on the table, at which the table is to be 
oriented. Set the table, bo that p is over P, apply the edge of the 
nder to p, and turn it till this edge cuts cd in the division corre- 
sponding to that in which it cuts ab. Then turn the table till the 
sights point to S, and the table will be oriented. 

(457) To fiad one's place on the ground. This problem may 
be otherwise expressed as Interpolating a point in a plat. It is 
moat easily performed by reversing the Method of Intersection. 
Set up the table over the station, ^'s- 3i2, 

in the figure, whose place on 
the plat already on the table is 
desired, and orient it, by one of 
the means described in the last 
article. Make the edge of the 
ruler pass through some point, a 
on the table, and turn it till the 
sights point to the corresponding 
station, A on the groimd. Draw a line by the mler. The desired 
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point is somewhere in tJiis line. Make the nilei pisy throi^^h 
another point, 6 on the table, and make the sights point to B on 
the grounii. Draw a second line, and its interst ction with the 
first will he the point desired. Using C m the same n-w ^uuii 
give a third hne to prove the work. This opeiation maj be used 
as a new method of surveying with the plane table, =!inte any 
number of points can have their places fixed in the aime mnnnei 

This problem may also he executed on the pimcijjle of Tnlinear 
Surveying. Three points being given on the t'^ble lay on ifc a piece 
of transparent paper, fix a needle anj \\heie on this, and with the 
aUdade sight and draw lines towards eich of these thice joint'? 
on the ground. Then use this paper to find the desired p int fie 
cisely as directed in the last sentence of Ait (398), pi^e 277 

(ISS) Inaccessible dislauces. Many of the problems in Part 
VII. can be at once solved on the ground by the plane-table, since 
it is at the same time a Goniometer and a Protractor. Thus, the 
Problem of Art. (435) may be solved as follows, on the principle 
of the construction in the last paragraph of that article. Set the 
table at C. Mark on it a point, e', to represent C, placing c' 
vei'tncally over C. Sight to A, B and D, and draw corresponding 
hues from o'. Set up at D, mark any point on the line drawn from 
c' towai'ds D, and call it d'. Let d' be exactly over D, and direct 
d'c' toward C, Then sight to A and B, and draw corresponding 
lines, and their intersections mth the lines before drawn towai'ds 
A and B ivill fix points a' and b'. Then on the line joining a and 
5, given on the paper to represent A and B, a6 being equal to AB 
on any scale, construct a figure, abed, similar to a'b'c'd', and the 
line ad thus determined will represent CD on the same scale as AE. 
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SURVEYING WITHOUT INSTRUMENTS. 

(459) The Principles -which were established in Part I, and subse- 
quently applied to surveying with various instruments, may also be 
employed, with tolerable correctness, for determining and represent- 
ing the relative positions of larger or smaller portions of the earth's 
surface without any Instruments but such as can be extemporized. 
The prominent objects on the ground, such as houses, trees, the 
summits of hills, tJie bends of rivers, the crossings of roads, &c., 
are regarded as "points" to be " determined." Distances and 
angles are consequently required. Approximate methods of 
obtaining these will therefore be first ^vcn. 

(460) Distances &y pacingi Quite an accurate measurement 
of a line of ground may be made by walking over it at a uniform 
pace, and counting the steps taken. But the art of walking in a 
straight line must first be acquired. To do this, 6x the eye on two 
objects in the desired line, such as two trees, or bushes, or stones, 
or tufts of grass. WaJk forward, keeping the nearest of those 
objects steadily covering the other. Before getting up to the 
nearest object, choose a new one in line farther ahead, and then 
proceed as before, and so on. It is better not to attempt to make 
each of the paces three feet, but to take steps of the natural length, 
and to ascertain the value of each by walking over a known dis- 
tance, aJid dividing it by the number of paces required to traverse 
it. Every person should thus determine the usual length of his 
ovm steps, repeating the experiment sufSciently often. The French 
"Geographical Engineers" accustom themselves to take regular 
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steps of eight-tenths of a metre, equal to two feet seven and a half 
inches. The EngHsh military pace is two feet and sis inches. 
This is regarded as a usual average. 108 such paces per minute 
give 3.07 English miles per hour. Quick pacing of 120 such paces 
per minute ^ves 3.41 miles per hour. Slow paces, of three feet 
each and 60 per minute, give 2.04 miles per hour.* 

An instrument, called a Pedometer, has been contrived, which 
counts iho steps taken by one wearing it, without any attention on 
his part. It is attached to the body, and a cord, passing from it 
to the foot, at each step moves a toothed wheel one division, and 
some intermediate wheeiwork records the whole number upon a dial. 

(461) Distances &y visiiai angles. Prepare a scale^ by marking 
off on a pencil what length of it, when it is held off at arm's length, 
a man's height appears to cover at different distances (previously 
measured with accuracy) of 100, 500, 1000 feet, &c. To apply 
this, when a man is seen at any unknown distance, hold up the 
pencil at arm's length, making the top of it come in the line from 
the eye to his head, and placing the thumb nail in the line from 

Fig. 313. 




the eye to his feet, as in Fig. 313. The pencil having been previ- 
ously graduated by the method above esphiined, the portion of it 
now intercepted between these two lines will indicate the corre- 
sponding distance. 

If no previous scale have been prepared, and tlie distance of a 
man be required, take a foot>-rde, or any measure minutely divided, 
hold it off at arm's length as before, and see how much a man's 
height covers. Then knowing the distance from the eye to the 
rule, a statement by the Kule of Three (on the principle of similar 
triangles) will give the distance required. Suppose a man's height, 
of 70 mches, covers 1 inch of the rule. He is then 70 times as far 
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from the eye as the rule ; and if its distance be 2 feet, that of the 
man is 140 feet. Instead of a man's height, that of a.n ordinary 
house, of an apple-treo, the length of a fence-rail, &c., may be 
be taken as the standard of compariaon. 

To keep the arm immovable, tie a string of known length to the 
pencil, and hold betiveen the teeth a knot tied at the other end of 
the string, 

(462) Distances by visibility. The degree of visibility of vari- 
ous well-known objects will indicate approximately how far distant 
they are. Thus, by ordinary eyes, the windows of a large house 
can be counted at a distance of about 13000 feet, or 2^ miles ; 
men and horses will he perceived as points at about half that dis- 
tance, or 1| miles ; a horse can be clearly distinguished at about 
4000 feet ; the movements of men at 2600 feet, or half a mile ; 
and the head of a man, occasionally, at 2300 feet, and very plainly 
at 1300 feet, or a quarter of a mile. The Arabs of Algeria define 
a mile as " the distance at which you can no longer distinguish a 
man from a woman." These distances of visibility wiil of course 
vary somewhat with the state of the atmosphere, and still more with 
individual acuteness of sight, but each person should make a corre- 



(46S) Distances by sound. Sound passes through the air with 
a moderate and known velocity ; light passes almost instantaneously. 
If, then, tn-o distant points be visible from each other, and a gun 
be fired at night from one of them, an observer at the other, noting 
by a stop-watch the time at which the 8a*sh is seen, and then that 
at which the report is heard, can tell by the intervening number of 
seconds how far apart the points are, knomng how far somid travels 
in a second. Sound moves about 1090 feet per second in dry air, 
with the temperature at the freezmg point, 32° Fahrenheit. For 
higher or lower temperatures add or subtract ly foot for each degree 
of Fahrenheit. If a wind blows with or against tiie movement of 
the sound, its velocity must be added or subtracted. If it blows 
obiiciuely, the correction will evidently eci«al its velocity multiplied 
by the cosine of the angle which the direction of the wind maiea 
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with the direction of &e sound.* if the gun be fired at each end 
of the base in turn, and the means of tlie times taken, the effect of 
the wind will be eliminEbted. 

If a watch is not at hand, suspend a pebble to a string (such as 
a thread drawn from a handkerchief) and count its vibrations. If 
it be 39^ inches long, it will vibrate in one second ; if 9| inches 
long, in half a second, &c. If its length is unknown at the time, 
still count its vibrations ; measure it subsequently ; and then will 

the time of its vibration, in seconds, = \/(' """ oq T"~~~^) ■ 

(464) Anglesi Right angles are those most freqaently required 
in this kind of survey, and they can bo estimated by the eye with 
mttch accuracy. If other angles are desired, they will be deter- 
mined by measuring equal distances along the Imes which make the 
angle, and then the line, or chord, joinmg the ends of these dbtan- 
ces, thus forming chain angles, explained in Art. (100)- 

(465) Methods of operation. The " First Method" of deter- 
mining the position of a point, Art* (5), is the one most generally 
applicable. Some line, as AB in Fig. 1, is paced, or otherwise 
measured, and then the lines AS and BS ; the point S is thus de- 



The " Second Method," Art. (6), is also much employed, the 
right angles being obtained by eye, or by the easy methods given 
in Part II, Chapter V, Arts. (140), &;c. It is used for offeets, as 
in Part II, Chapter III, Arts. (114), kc. 

The " Third Method," Art. (!), may also be used, the angles 
being determined as in Art. (164) ■ 

The "Fourth Method," Art. (8), may also bo employed, the 
angles being similarly determined. 

The "Fifth Metiiod," Art. (10)j would seldom be used, unless 
by making an extempore plane-table, and proceeding as directed 
in the last paragraph of Art. (457). 

• A geiille, pleaannt wind has a velocity of 10 feel per second ; a brisk gale 
20 feet per second ; a veiy brisk gale 30 feet T =■ high wind 50 feet ; a very high 
wind 70 feet i a Btnrni or tempest SO feet ; a great storm 100 feet ; a hiivficane 
120 feel ; Hnil a violent hniiioaiic, that tears up trees, &c., 150 feet per second 
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The method referred to in Art. (11) may also be employed, 
Wlien a sketch has made some progress, new points may be 

fixed on it by their being in fine with otliers already determined. 
All these methods of operation are shown in the following figure, 

AB is a line paeod, or otherwise measured approximately, 

F^g.3l4, 




The hill C is determined by the first method. The river on the 
other side of AB is determined by offsets according to the 
Second Method. The house D is determined by the Third Method, 
EBF bemg a chain angle. The house Gr is determined by the 
Fourth Method, chain angles being measured at B and H, a point 
inAB prolonged. The pond K is determined, as in Art. (II), by 
the intersection of the alinements CD and GH prolonged. The 
bend of the river at L is determined by its distance from H in 
the fine of AH prolonged. A new base line, HM, is fixed bj a chain 
angle at H, and employed like the former one so as to fix the hill 
at N, &c. All these methods may thus be used collectively and 
successively. The necessary lines may always bo ranged with 
rods, as directed in Art. (169), and very many of the instrumental 
methods already explained, may be practiced with extempore con- 
trivances. The use of the Plajie-table is an admirable prepara- 
tion for this style of surveying or sketching, which is most fre- 
quently employed by Military Engmeers, though they generally 
use a prismatic Compass, or pocket Sextant, and a sketching ease, 
which may serve as a Plane-table. 
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MAPPING. 



COPTISiG PLATS. 

(466) TnE Plat of a survey necessarily has many lines of construc- 
tion dra^vn upon it, which are not needed in the finished map. 
These hnes, and the marks of instruments, so disfigure the paper 
that a fair copy of the plat is usually made hefore the map ia 
finished. The various methods of copying plats, &c., whether on 
the same scale, or reduced or enlarged, will therefore now be 
described. 

(467) Stretching the paper. If the map is to be colored, the 
paper must first be wett«d and stretched, or the application of the 
wet colors wOl cause its surface to swell or blister and become uneven. 
Therefore, with a soft sponge and clean water wet the back of the 
paper, working from the centre outward in all directioniS. The 
" water-mark" reads correctly only when looked at from the front 
side, which it thus distinguishes. "When the paper ia thoroughly 
wet and thus greatly expanded, glue its edges to the drawing board, 
for half an inch in width, turning ihera up against a ruler, passing 
the glue along them, and then turning them down and pressing 
them with the ruler. Some prefer gluing down opposite edges in 
succession, and others adjoining edges. The paper must be mode- 
rately stretched smooth during the process. Hot glue is best. 
Paste or gum may be used, if the paper be kept wet by a damp 
cloth, so that the edges may dry first. " Mouth-glue " may be used 
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by rubbing it (moistened in the mouth or in boiling water) along tho 
turned up edges, and then rubbing them dry by an ivory folder, a 
piece of dry paper being int«rpoaed. Aa this is a slower process, 
the middle of each side should first be fastened down, then the four 
angles, and lastly tho intermediate portions. When tbe paper 
becomes dry, the creases and puckerings will have disappeared, 
and it will be aa smooth and tight as a drum-head, 

(468) Copying by tracing. Kx a large pane of clear glass in 
a frame, so that it can be supported at any angle before a window, 
or, at night, in front of a lamp. Place the plat to be copied on 
this glass, and the clean paper upon it. Connect them by pins, 
&c. Trace all the desired lines of the original with a sharp pencil, 
as lightly as they can be easily seen. Take care tliat the paper 
does not slip. If the plat ia larger than the glass, copy its parts 
successively, being very careful to fix each part in its true relative 
position. Ink the lines with India ink, making them very fine and 
pale, if the map is to bo afterwards colored. 

(169) Copyii^ OB tracing' paper, A thin transparent paper is 
prepared expressly for the purpose of making copies of maps and 
drawings, but it is too dehcate for much handling. It may be pre- 
pared by soaking tissue paper in a mixture of turpentine and 
Canada balsam or balsam of fir (two parts of the former to one of 
the latter), and drying very slowly. Cold drawn linseed oil will 
answer tolerably, the sheets being hung up for some weeks to dry. 
Ijnen is also similarly prepared, and sold under the name of 
"Vellum tracing paper." It is less transparent than the tracing 
paper, but is very strong and durable. Both of these are used 
rather for preserving duplicates than for finished maps. 

(170) Copying by transfer paper. This is thin paper, one side 
of which is rubbed with blacklead, &c., smoothly spread by cotton. 
It is lad on the clean paper, the blackened side downward, and 
the plat ia placed upon it. All the lines of the plat are then gone 
over with moderate pressure by a blunt point, such as the eye-end 
of a small needle. A faint tracing of these lines will then be found 
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on fee clean paper, and can be inked at leisure. If the original 
cannot be tlius treated, it may first be copied on tracing paper, 
and this copj be thus transferred. If the transfer paper he pre- 
pared by nibbing it with lampblack ground «p ivith hard soap, its 
Imea will he inefikioable. It is then called " Camp-paper," 

(471) Copying I»y punctures. 'Fix the clean pajier on a draw- 
ing board and the plat over it. Prepare a fine needle with a seal- 
ing-wax head. Hold it very truly perpendicular to the board, and 
prick through every angle of the plat, and every comer and inter- 
section of its other linos, such as houses, fences, &c,, or at least 
the two ends of every line. For circles, the centre and one point 
of the circumference are sufficient. For irregular curves, such as 
rivers, kc, enough points must be pricked to indicate all their 
sinuosities. Work with system, finishing up ono strip at a time, 
80 as not to omit any necessary points nor to prick through any 
twice, though the latter is safer. When completed, remove the 
plat. The copy will present a wilderness of fine points. Select 
those which determine the leading lines, and then the rest wiO be 
easily recognized. A beginner should first pencil the lines lightly, 
and then ink them. An experienced draflsmaji will omit the pen- 
cilling. Two or three copies may be thus pricked through at once. 
The holes in the original plat may be made nearly invisible by 
rubbing them on the ba«k of the sheet with a paper-folder, or the 
thumb nail. 

(472) Copying hy intcrsectioiK. Draw a line on the clean paper 
equal in length to some important line of the original. Two stai-t- 
ing points are thus obtained. Take in the dividers the distance 
from one end of the line on the original to a third point. From 
the corresponding end oa the copy, describe an arc with this dis- 
tance for radius and about where the point will come. Talce the 
distance on the original from the other end of the line to the point, 
aud describe a corresponding arc on the copy to intersect the 
former arc in a point which will be that desired. The principle 
of the operation is that of our " First Method," Art, (5). Two 
pairs of dividers may he used as explained in Art. (90). " Tri- 
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angular compasses," hiving three lega, aie used by fixing two of 
their legs on the two given points of the oiigiail, ind the tlui 1 leg 
on the point to be copied, ind then transferring them to the copy. 
All the points of thi> ougmal eia thus bt tccuiately leproduced. 
The operation is howevei ^ery sbw Only the chief joints of a 
plat may be thus transferred, and the details filled in by the fol- 
lowing method. 

(473) Copying by sqnares. On the ori^al plat draw a series 
of parallel and equidistant lines. The T square does tliis most 
readily. Draw a similar series at right angles to these. The plat 
will then be covered with squares, as in Fig. 38, page 48. On 
the clean paper draw a similar series of squares. The important 
points may now be fixed as in the last article, and the rest copied 
by eye, all the points in each square of the original being properly 
placed in the corresponding square of the copy, noticing whether 
they are near the top or bottom of each square, on its right or left 
side, &c. This method is rapid, and in skilful hands quite accu- 
rate. 

Instead of drawmg lines on the original, a sheet of transparent 
paper containing them may be placed over it ; or an open frame 
with threads stretched across it at equal distances and at right 
angles. 

This method supplies a transition to the Reduction and Enlarge- 
ment of plats in any desired ratio ; under which head copying by 
the Pantagraph and Camera Lucida will he noticed. 

(414) Reducing by squares. Be^, as in the preceding article, 
by drawing squares on the origmal, or placing them over it. Then 
on the clean paper draw a similar set of squares, but with their 
sides one-half, one third, &c., (according to the desu'cd reduction), 
of tliose of the original plat. Then proceed as before to copy into 
each small square all the points and lines found in the large square 
of the plat in their true positions relative to the sides and corners 
of the square, observing to reduce each distance by eye, or as 
directed in the following article, in the ^ven ratio. 



Hosted by 



Google 



MAPflKG. 



[PA 




(475) Reducing by proportional scalesi Many graphical me- 
thods of finding the proportionate length on tho copy, of any lino of 
the origjnal, may he used. The "Angle of reduction" is con- 
structed thus. Draw any hue 
AB. "With it for radius and A 
for centre, describe an indefinite 
arc. With B for centre and a 
radius equal to one-half, one-third, 

&c., of AB according to the de- 

wred reduction describe another A 
are intersecting the former arc in C, Jom AC. I'rom A as 
centre describe a series of arcs. Now to reduce any distance, 
take it in the dividers, and set it ofi'from Aon AB, as toD. Then 
the distaneo from D to E, the other end of the arc passing through 
D, will be the proportionate length to he set off on the copy, in the 
manner directed in Art. (472). 

The Sector, or " Compass of proportion," described in Art. (52), 
presents such an "Angle of reduction," always ready to be used 
in this manner. 

The " Angle of reduction" may be simplified 
thus. Draw a line, AB, parallel to one side 
of the drawing board, and another, BO, at right 
angles to it, and one-half, &c., of it, i 
Join AC. Then let AD be the (" 
quired to be reduced. Apply a T square so ' 
aa to pass through D. It will meet AC in 
some point E, and DE will be the reduced 
length required. '— 

Another arrangement for the same object is shoT 
Draw two Imes, AB, AC, at any angle, and de- 
scribe a series of arcs from their intersection, A, 
as in the figure. Suppose the reduced scale is to , 
be half the original scale. Divide the outermost 
arc into three equal parts, and draw a line from 
A to one of the points of division, as D. Then 
each arc will be divided into parts, one of which 
is twice the other. Take any distance on the ori- 
^nal scale, and find by trial which of the arcs on 



Fig. 3 
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the right hand side of the figure it eorreaponds to. Tlie other part 
of that arc will he half of it, aa desired. 

" Proportional compasses," being properly set, reduce lines in 
any desired ratio. A simple form of them, known as " Wholes 
and halves," is often useful. It consists of two slender bars, pointed 
at each end, and united by a pivot which is twice as far from 
one pair of the points as from the other pair. The long ends being 
set to any distance, the short ends will give precisely half that dis- 
tance. 

(476) Reducing by a pantagl-aph. This instrument consists of 
two long and two short rulers, connected so as to form a parallelo- 
gram, and capable of being so adjusted that when a tracing point 
attached to it is moved over the lines of a map, &c., a pencil 
attached to another part of it will mark on paper a precise copy, 
reduced on any scale desired. It is made in various forms. It is 
troublesome to use, though rapid in its work. 

(4JJ) Redncinj by a camera lucida. This is used in the Coast 
Survey Office, It cannot reduce smaller than one-fourth, without 
lo^g distinctness, and is very trying to the eyes. Squares drawn 
on the original are brought to apparently coincide with squares on 
the reduction, and the details are then filled in with the pencil, as 
seen through the prism of the instrument, 

(478) Knlarglag plats. Plats may be enlarged by the princi- 
pal methods which have been given for reducing them, but this 
should be done as seldom as possible, since every inaccuracy in the 
ori^nal becomes magnified in the copy. It is better to make a 
new plat from the original data. 
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(479) Varioua conventional signs or marka hare been adopted, 
more or less generallj, to represent on maps the inequalities of the 
surface of t!ie ground, its different kinds of ealture or natural pro- 
ducta, and the objects upon it, so as not to encumber and disfigure 
ifc with much writing or many descriptive legends. This is the 
purpose of what is called Topographieal Mapping. 

(480) The relief of ground. The inequalities of the surface 
of the earth, its elevations and depressions, its hills and hollows, 
constitute its " Relief." The representation of this is sometimes 
called " TTili drawing." Its difficulty arises from our being accus- 
tomed to see hills sideways, or "in elevation," while they must 
be represented as they would be seen from above, or " in plan." 
Various modes of thus drawing them are used ; their positions being 
laid down in pencil as previously sketched by eye or measured. 

If light be supposed to fall vertieally, the slopes of the ground will 
receive less light in proportion to their steepness. The relief of 
ground will be indicated on this principle by making the steep 
slopes very dark, the gentler inclinations less so, and leaving the 
level surfaces white. The shades may be produced by tints of 
India ink applied with a brush, their edges, at the top and bottom 
of a hil! or ridge, being softened off with a clean brush. 

If light be supposed to fail oMqueli/, the slopes facing it will he 
light, and those turned from it dark. Tins mode is effective, but 
not precise. In it the light is usually supposed to come from the 
upper left hand corner of the map. 

Horizontal cotitour lines are however the best convention for 
this purpose. Imagine a hill to be sliced off by a number of equi- 
distant horizontal planes, and their intersections with it to be drawn 
as they would be seen from above, or horizontally projected on the 
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map. These are " Contour lines." Tkcy.are the same lines as 
would be formed by water surrounding the hill, and rising one foot 
at a t mo (or any othe he ^1 1) 1 11 fc reached the top of the hill. 
Tl e e Ige oi tl o wate o ts shore at e ch successive rise, would 
he e of th se ho z al contou 1 ne It is plain that their 
nearness or d tan e on the mif o Id dicate the steepness or 
^e tl ne s f the sloj es A n^jht one vould thus he repre- 
13 8 F g 3 9 Fig. 320. 




sented by a series of concentric circles, as in Slg. 318 ; an oblique 
cone by circles not concentric, but nearer to each other on the steep 
side than on the other, as in Fig. 319 ; and a half-egg, somewhat 
as in Fig. 320. 

Vertical sections, perpendicular to these contour lines, are 
usually combined witJi them. They are the " Lines of greatest 
slope," and may he supposed to represent water running down the 
sides of the hill. They are also made thicker and nearer together 
on the steeper slopes, to produce the effect required by the conven- 
tion of vertical light Fig.3ai. 
already referred to. 
The marginal figure 
shews an elongated 
half-egg, or oval hill, 
thus represented. 

The spaces between 
the rows of vertical 
"Hatchings" indicate 

the contour Imes, which are not actually drawn The beauty of 
the graphical execution of this work depends on the uniformity of 
the strokes representing uniform slopes, on their peilectly regular 
gradation in thickness and nearness, for varying ?Iope=(, •uid on 
their bemg made precisely at right angles to the tcntiut lines 
between which they are situated. 
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The methods of determining the contour hnes are appheationa 
of Leveling, and will therefore be postponed, together with the 
farther details of " Hill-drawing," to the volume treating of that 
subject, which ia announced in the Preface. 

(181) Signs for natural surface. Sand is represented by fine 
dots made with the point of the pen ; gravel by coarser dots. 
Hocks are drawn in their proper places in irregular angular forms, 
imitating their true appearance as seen from above. The nature 
of the rocks, or the G-eology of the country, may be shown by apply- 
ing the proper colors, as agreed on hy geologists, to the back of 
the map, so that they may be seen by holding it up against the 
light, while they will thus not confuse the usual details. 

(482) Signs for yegetatlou. Woods are represented by aeol- 
loped cii-clea, irregularly disposed. Fig,. 332. 

imitating trees seen " in plan," and {^; ^X3^ 
closer or farther apart according to ^^M "^ 
the thickne^ of the forest. It is "^^^^ 



usual to shade their lower and right 



%' 



\ and to represent their w'^S»^^™S^^^*'w^bp 
3 in the figure, though, in atrictno^, this is incondstent 
with the hypothesis of vertical light, adopted for " hill-drawing." 
For pine and similar forests, the signs may have a star-like form, 
as on the right hand side of the figure. Trees are sometimes 
drawn " in elevation," or sideways, as usually seen. This makes 
them more easily recognized, but is in utter violation of the princi- 
ples of mapping in horizontal projection, though it may be defended 
aa a pure convention. Orchards are represented hj trees arrang- 
ed in rows. Bmhes may be drawn like trees, but smaller. 
Qraas-land is drawu with irregularly Fig. aas. 

scattered groups of short lines, as in the ^'■_^^'-'^^i^'^ y^y 
figure, the lines being arranged in odd ^3!;:f^3"™I*ii*- vn 
numbers, and so that the top of each group is ^""^1..."^.;!:;^"^ "^^J 
convex and its bottom horizontal or parallel *%^"^i^:ji^i^|]^ ^^'' 
to the base of the drawing. Meadows are »*. .'■"■ j^T".™- -^ 
sometimes represented by pairs of divergmg lines, (aa on the right 
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of &e figure) i^hieh miy be i gaided w tall Hade-, rf graiB 
UncidUvated land la in heated by ajpiopiiately mteimniglmg the 
signs for grass land bushes sand and rock^ Gdtu itei laud is 
shown by paiallel rows of bioLen and dotted ^ t>4 

Ihies, aa in the fi^^ure rejiesentng iurrows l' ' 

Crops are so tomporiry that iign? for them aie 1 

unnecessary, tto %h often uoe 1 The^ ire usu j^ ' 

ally imitative as fot cotton sigii tobacco iice 

vines, hops, &l. Garde is aie drawn with cir 

cular and other he Is and walks 

(183) Signs for water. The Sea-ooast is represented by draw- 
ing a line parallel to the shore, following all its windings and inden- 
tations, and as close to it as possible, then another parallel line a 
little more distant, then a third still more distant, and so on. 
Examples are seen in figures 287, &c. If these lines are drawn 
from the low tide mark, a similar set may be draim between that 
ajid the high tide mark, and dots, for sand, be made over the 
included space. Rivers have each shore treated like the sea 
shore, as in the figures of Part VII.* Brooks would be aliown hy 
only two lines, or one, according to their magnitude. Ponds may 
be drawn like sea shores, or represented by _ J _ ' ^^ 
parallel horizontal lines ruled across them. ~ — 

Marshes and Swamps are represented by an _ _ ---Jl 

irregular intermingling of the preceding '_-- _~.rL« . 

sign with that for grass and bushes, as in the ^^"- OlX- ~ p; ^im^ 

(484) Colored Topography. The conventional signs which have 
been described, as made with the pen require much time and 
labor. Colors are generally used by the French as substitutes for 
them, and combine tiie advantages of great rapidity and effective- 
ness. Only three colors (besides India ink) are required ; viz. 
(raniboge (yellow). Indigo (blue), and Lake (pink). Sepia, 
Burnt Sienna, Yellow ochre, Eed lead, and Vermillion, are also 
sometimes used. The last three are difficult to work with. To 

* Those ill TaL-t II, Chapter V, )mv(: the IIih^s Iuo cliisq togcllicr in li.e midJlf. 
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use these paiaia, moisten the end of a cake and rub it up witk a 
drop of water, afterwards diluting this to the proper tint, which 
should always be light and delicate. To cover anj surface with 
a uniform flat tint, use a large camel's hair or sable brush, keep it 
always moderately full, incline the board towards you, previously 
moisten the paper with clean water if the outline is very irregular, 
begin at the top of the surface, apply a tiat across the upper part, 
and continue it downwards, never letting the edge dry. Thb last 
is the secret of a smooth tint. It requires rapidity in returning to 
the be^nning of a tint to continue it, and dexterity in following the 
outline. MarUing, or variegation, is produced by having a brush 
at each end of a stick, one for each color, and applying first one, 
and then the other beside it before it dries, so that they may blend 
but not mix, and produce an irregularly cloudsd appearance. 
Scratched parts of the paper may be painted over by first applying 
strong alum water to the place. 

The conventions for colored Topography, adopted by the French 
Military Engineers, are as follows. Woods, yellow ; using gam- 
boge and a very little indigo. Geass-lakd, green; made of 
gamboge and indigo. Cultivated und, brown; lake, gamboge, 
and a littie India ink. " Burnt Sienna" will answer. Adjoining 
fields should be slightly varied in lint. Sometimes furrows are 
indicated by strips of various colors Gardens are represented 
by small rectangular patches of biighter i/ieen and bro%m. Un- 
cultivated LAND, marbled green Tud light hrotmi. Brush, 
BEAMBLES, &c., marbled green and yelhu. Heath, pdkzb, &e., 
marbled green and fink. Vinbyardis, pitrph ; lake and indigo. 
Sands, a fight Srown / gamboge and lake. "Yellow ochre" will 
do. Lakes and rivbks, light Uue, with a darker tint on their 
upper and left hand sides. Seas, dark Uue, with a fittle yellow 
added. Mabshes, the blue of water, with spots of grass green, the 
touches all lying horizontally. Roads, brown ; between the tinta 
for sand and cultivated ground, with more India ink. Hills, 
greenish Irown ; gamboge, indigo, lake and India ink, instead of 
the pure India ink, directed in Art. (480). Woods may be 
finished up by drawing the trees as in Art. (482) and coloring 
them green, with touches of gamboge towards the light (the upper 
and left hand side) and of indigo on the opposite side. 



Hosted by 



Google 



CEAP. IT.] 



ConTentional Sigi^i 



(185) Signs for detached objects. Too great a number of these 
will cause confusion. A few leading ones will be given, the mean- 
ings of which are apparent. 

Figs. 



Court house. 




^3.6. 


Wind mill, 


^334. 


Post office, 




S 327. 


Steam mill. 


A 335. 


Tavern, 




^3... 


Furnace, 


^ 336 


BlacJeamiih's 


shop 


& 329. 


Woollm factory 


3Br. 


G-uide board 




"t 330. 


Cotton factory. 


# 33S. 


Quarrt/, 




X 331. 


Glass worlcs, 


A 339 


OHst mill, 




O 333. 


Church, 


^ 340 



Sawmill, ^ 333 Grave yardi -iL34i. 

An ordinary house is diai^n in it3 true position and size, and the 
ridge of its roof shown if the scale of the map is large enough. 
On a very small scale, a small shaded rectangle represents it. If 
colors are used, buildings of maaoniy are tinted a deep crimson, 
(with laJte), and those of wood with India ink. Their lower and 
right hand aides are drawn ^Mth heavier lines. Fences of stone or 
wood, and hedges, may be diawn m imitation of the realities; and, 
if desired, colored appiopnately 

Mines may be repiesented by the signs of the planets which 
were anciently associated with the ■various metals. The signs hei-o 
^ven represent respectively, 

Grold, Silver, Iron, Copper, Tin, Lead, Quicksilver. 

A large black circle, # . may be uged for Coal, 

Boundary lines, of private properties, of townships, of counties, 
and of states, may be indicated by lines formed of various combi- 
nations of short lines, dots and crosses, as below.* 



+ + + + + 4. + + + + + . 
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(486) Orientation. The map is usually so drawn that the top 
of tke paper may represent the Horth. A Meridian line should 
afao be drawn, both True and Magnetic, as in Fig. 199, page 189. 
The number of degrees and minutes in the "Variation, if known, 
should also be placed between the two North pomts. Sometimes 
tar is drawn and made very ornamental. 



(487) Lettering. TEe style in which this is done very much 
affects the general appearance of the map. The young surveyor 

- should give it much attention and careful practice. It must all be 
iu imitation of the best printed models. No writing, however 
beautiful, is admissible. The usual letters are the ordinary 
ROMAN CAPITALS, Small Roman, ITALIC CAPITALS, 
Small ltalic,&fA GOT H\C OR EGYPTIAN. Thislast, 
when well done, is very effective. For the Titles of maps, various 
fancy letters may be used. For very large letters, those formed 
only of the shades of the letters regarded as blocks (the body being 
rubbed out after being pencilled as a guide to the placing of the 
shades) arc most easily made to look well. The simplest lettering 
is generally the best. The sizes of the names of places, fee, should 
be proportionaJ to then- importance. Elaborate tables for various 
scales have been published. It is better to make the letters too 
small than too large. They should not be crowded. Pencil hnea 
should always be ruled as guides. The lettering should be in lines 
parallel to the bottom of the map, except the names of rivers, roads, 
fee, whose general course should be followed. 

(488) Borders. The Border may be a singlb heavy line, 
enclosing the map in a rectangle, or such a hne m?iy be relieved 
by a finer line drawn parallel and near to it. Time should not be 
wasted in ornamenting the border. The simplest is the best. 
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(489) Joinii^ paper> If the map is larger than the sheets of 
paper at hand, they should be joined with a fcather-edgc, hy pro- 
ceeding thus. Cut, with a knife guided hy a ruler, about- one- 
third through the thickness of the paper, and tear off on the under 
side, a strip of tho remaining thickness, so as to leave a thin sharp 
edge. Treat the other sheet in tiie same way on the other side of 
it. When these two feather edges are then put together, (with 
paste, glue or varnish), they wil! make a neat and strong joint. 
The sheet which rests upon the other must he on the right hand 
side, if the sheets are joined lengthways, or below if they are joined 
in tliat direction, so that the thickness of the edgo may not cast a 
shadow, when properly placed as to the light. The sheets must 
be joined before lines are, drawn across them, or the lines will 
become distorted. Drawing paper is now made in rolls of great 
length, so as to render this operatioi 



(4i>0) Mounting IIiaps> A map is sometimes required to be 
mounted, i. e. backed with canvas or muslin. To do this, wet the ■ 
muslin and stretch It strongly on a board by taclis driven very 
near together. Cover it with strong paste, beating this in with a 
brush to fill up the pores of tho muslin. Then spread paste over 
the hack of tiie paper, and when it has soaked into it, apply it to 
tie muslin, inclining the board, and pasting first a strip, about two 
inches wide, along the upper side of the paper, pressing it down 
with clean linen in order to drive out all air bubbles. Press down 
another strip in like manner, and so proceed till all is pasted. Let 
it dry very gradually aod thoroughly before cutting the muslin 
from the board. 

Maps may be varnished with picture varnish ; or by applying 
four or five coats of isinglass size, letting each dry well before 
applying the next, and giving a full flowing coat of Canada balsam 
diluted with the best oil of turpentine. 
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PART XL 

LAYING OUT, PARTING OFF, AND 
DIVIDING UP LAND.* 



LlimC OFT LAND. 

(491) Its nature< THs operation is precisely the reverse of 
those of Surveying properly so called. The latter measures certain 
lines as they are ; the former marks them out in the ground where 
they are required to be, in order to satisfy certain conditions. 
The same instruments, however, are used as in Surveying. 

Perpendiculars and parallels are the lines moat often employed. 
The PerpmdieiilarB may he set out either with the chain alone. 
Arts. (140) to (159) ; still more easily with the Cross-staff, Art. 
(104), or the Opiical-square, Art. (lOT) ; and most precisely with 
a Transit or Theodolite, Arts. (402) to (406). FaralUU may 
also be set out with the chain alone, Arts. (160) to (160) ; or 
with Transit, &c., Arts. (407) and (408). The ranging out of 
lines by rods is described in Arts. (169) and (178), and with an 
Angular instrument, in Arts. (S76), (409) and (415). 

(492) To lay out squares. Eeduco tlie desired content to 
square chains, and extract its square root. This will he the length 
of the required side, which is to he set out by one of tho methods 
indicated in the preceding article. 

An Acre, laid out in the form of a square, is frequently desu'ed 
by larmiers. Its side must be made 316^ links of a Gunter's 

* The Demonalrations of the Problams iu this patl, wlieti required, will be 
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chain ; or 208iVu feet ; or 69^'-^ yards. It is often taken at 
TO paces. 

The number of plants, hills of com, loads of manure, &c., which 
an acre will contain at anj uniform distance apart, can be at once 
found by dividing 209 hj this distance in feet, and multipljing 
the quotient by itself; or by dividing 43560 by the square of tbo 
distance in feet. Thus, at 3 feet apart, an acre would contain 
4840 plants, &c. ; at 10 feet apart, 436 ; at a rod apart, 160 ; 
and so on. If the distances apart be uneq^ual, divide 48560 by 
the product of these distances in feet ; thus, if tte plants were in 
rows 6 feet apart, and the plants in the rows were 3 feet apart, 
2420 of them would grow on one aore. 

(493) To lay out rectangleSi The content and length being 
given, both as measured by the same unit, divide the foimer by 
the latter, and the quotient will be the required breadth Thus, 1 
acre or 10 square chains, if 5 chains long, must be 2 chaana wide 

The content being given and the length to he a certain number 
of times the hi idth Divide the content msquaie chains, La ,by 
the latio of the length to the breadth, and the square loot of the 
quotient will be the shoiter side desired, whence the longer side 

15 also known Thus, let it be required to lay out 30 acres in the 
form of a lectan^Ie 3 times as long as broad 30 acres = 300 
square chains. The desired rectangle will contain 3 squares, each 
of 100 sq. chs., having sides of 10 ehs. The rectangle will there- 
fore be 10 chs. wide and 30 long. 

An Acre laid out in a rectangle twice as long as broad, will be 
224 links by 448 links, nearly ; or 147^ feet by 2&5 feet ; or 49^ 
yards by 98| yards. 50 paces by 100 is often used as an ap- 
proxunation, easy to be remembered. 

The content being given, and the difference between the length 
and breadth. Let c represent this content, and d thia difference. 
Then the longer side = ^ d + ^ /(<?='+ 4 c). 

Example. Let the content be 6.4 acres, and the difference 
12 chains. Then the sides of the rectangle will be respectively 

16 chams and 4 chains. 
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The oontertt being givm, and the sum of the length and hreadth. 
Let c represent this content, and s this sum. Then the longer 
ade=^s+ I ^(s=— 4c). 

Example. Let the content be 6.4 acres, and the sum 90 chains. 
The above formula gives the sides of the rectangle 16 chains and 4 
chains aa before. 

(194) To lay out triang:l6S. The content aad the base being 
^ven, divide the former by half the latter to get the height. At 
any point of tiie base erect a perpendicidar of the length thus 
obtained, and it will be the vertex of the required triangle. 

The content being ^vcn and the base having to be m times the 
height, the height will equal the square root of the quotient 
obtained by dividing twice the given area by m. 

The content being given and the triangle to be equilateral, t^ke 
the square root of the content and multiply it by 1.520. The pro- 
duct will bo the length of the side required. This rule makes tlie 
sides of an equilateral triangle containing one acre to be 480^ links. 
A quarter of an acre laid out m the same form would have each 
side 240 links long. An equilateral triangle is very easily set out 
on the ground, as directed in Art. (90), under " Platting," using 
a rope or chain for C' 



(495) The content and base being given, and one side haying 
to make a given angle, as B, with the base ^'s- ^^2. 

AB,tbolengthoftheaideBC=^?-?^^^*^- ^ 
° AB . Bin. 

Examfle. Eighty acres are to be laid ^ ^ 

out in the form of a triangle, on a base, 

AB, of sixty chains, bearing N. 80° "VV. 

the bearing of the side BC bemg N. 70° E. Here the angle B is 

found from the Bearings (by Art. (213), reversing one of them) 

to be 30°. Hence BO = 53.33. The figure is on a scale of 50 

chains to 1 inch =1:39600. 

Any rights-line figure may be laid out by analogous methods. 

(498) To lay out circles. Multiply the ^ven content by 1, 
divide the product by 22, and take the square root of the quotient. 
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Laying out Land. 



This will give thf iidm-<, i>itli nhich the cuck ti^ 1 de'^oubed 
on the ground with i lope oi ch'im \. cucle oontaininj, one acre 
has a radius of ITs^ hnks A cuele contiinmg a quirter of an 
a«re will have a radius of S9 hntb 



(497) ToffR lots. House iota in cities are usimllj laid off as 
rectangles of 25 feet front and 100 fe,et depth, varioualj combined 
in blocka. Part of New-York is laid out in blocks 200 feet by 
800, each cont^ning 64 lots, ajid separated by streets, 60 feet 
wide, running along their long sides, and avenues, 100 feet wide, 
on their short sides. The eight lots on each short side of the block, 
front on the avenues, and the remaining forty-eight lota front on 
the streets. Such a block covers almost precisely 3| acres, and 
17^ such lots about make an acre. But, allowuig for the streets, 
land laid out into lots, 25 by 100, arranged as above, would con- 
tain only 11.9, or not quite 12 lots per acre. 

Lots in small towns and villages are laid out of greater size and 
less uniformity. 50 feet by 100 is a frequent size for now villaj 
the blocks being 200 feet by 500, each therefore containing 20 1 



(498) Laud sold for taxes. A case occun'ing in the State of 
New-York will serve as an application of the modes of laying out 
squares and rectangles. Land ^'s- '^*^- 

on which taxes are unpaid is 
sold at auction to the lowest 
bidder ; i. e. to him who will 
accept the smallest portion of 
it in return for paying the taxes 
on the whole. The lot in ques- 
tion was originally tho east 
half of the square lot ABCD, 
containing 500 acres. At a 
sale for taxes in 1830, 70 acres 
were bid off, and this area was ■ 
set off to tho purchaser in a square lot, from the north-east comer. 
Required the side of the square in links. Again, in 1834, 29 
acres more were thus sold, to be set off in a strip of equal width 
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around the square previously sold. Required the width of this 
strip. Once more, in 1839, 42 Eicres more were sold, to be set 
off around tlie preceding piece. Required the dimensions of tiiis 
third portion. The answer can bo proved by calculating if the 
dimensions of the remaining rectangle will give the content which 
it should have, v^. 250 — (70 + 29 + 42) =109 Acres. 
The figure is on a scale of 40 chains to 1 inch = 1 ; 31680. 

(!|99) flfeiF countries. The operations of laying out laud for the 
purposes of settlers, are required on a large fcale in new countries, 
in combination with their survey. There is great difficulty in 
uniting the necessary precision, rapidity and cheapness. "Tri- 
angular Surveying" will ensure the first of these quaUties, but is 
deficient in the laat two, and leaves the laying out of lots to be 
subsequently executed. " Compass Surveying" possesses the last 
two qualities, but not the first. The United States system for 
surveying and laying out the Public Lands admirably combines an 
accurate determination of standard lines (Meridians and Parallels) 
with a cheap and rapid subdivision by compass. The subject is so 
important and extensive that it will be explained by itself in 
Part Xn. 



CHAPTER II. 

PIRTEVG OFF LAND. 

(500) It is often required to part off from a field, or from an 
indefinite space, a certain number of acres by a fence or other 
boundary hne, which is also required to run in a particular direc- 
tion, to start from a certain point, or to fulfil some other condition. 
The various cases most litely to occur will be here arranged 
according to these conditions. Both graphical and numerical me- 
thods will generally be ^ven.* 

■ The given linos will bs represented by fine full lines ; the lines of conalniction 
by broken linos, imd the lines of the resiilt by heavy fnll Hues. 
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Partii^ off Land. 



The ^¥60 content is always supposed to be reduced to square 
chains and decimal parts, and the lines to be m chains and deci- 



By i 



LIWE PARALLEL TO i 



(501) Tft part off a rectangle. If the ades of the field adjar 
cent to the given side make right angles with it, the figure parted 
off by a parallel to the given side mil be a rectangle, and its 
breadth will equal the required content divided by that side, as in 
Art. (493). 

If the field be hounded by a curved or zigzag line outside of the 
given aide, find the content between these irregular lines and the 
given straight side, hy the method of ofeete, subtract it from the 
content required to be parted off, and proceed with the remainder 
as above. The samo directions apply to the subsequent problems. 



(503) To part off a parallelogram. If the ^ 

the given side be parallel, the ^i; 

figure parted off will be a parallel- /^'•^~ 

ogram, and its perpendicular width, / \ "'■ 

CE, will be obtained as above. / \ 

The length of one of the parallel ^ ^ 
ABDG 



8AC = 



AB.si 



(503) To part off a trapezoid. When the sides of the field 
adjacent to the given side are not parallel, the figure parted off 
will be a trapezoid. 

When the field or figure is given on tlie ground, or on a plat, 
begin aa if the sides were parallel, Kig. 345. 

dividmg the given content by the 
b^e AB. The quotient will be 
an app-oximate breadth, CE, or 
DE ; too small if the sides con- 
verge, as in the figure, and viae 
versa. Measure CD. Calculate "' s r " 

ttie content of ABDC. Divide the difference of it and the required 
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content by CD. Set off the quotient perpendicular to CD, (in this 
figure, outside of it,) and it will gjve a new line, GH, a stili nearer 
approximation to that desired. The operation may be repeated, if 
found n 



(504) When the field is ^ven by Eeaiir 
duee from them, as in Art. (243), the a 
and B. Tlio reqiiired sides will then be given by 



CD 



=s/( 



'AB^ 



. (A + I 



AD=(AE — CD)^ 
BC = (AB — CD) -, 



. (A + B)- 



. (A + B) aL— —B^ 

iVhen the sides AD and BC diverge, instead of converging, as 
in the figure, the negative t«rm, in tJie expression for CD, becomes 
positive ; and in the expressions for both AD and BC, the first 
factor becomes (CD — AB). 

The perpendicular breadth of the trapezoid = AD , sin. A ; 
or, = BC.sin. B. 

Hxample. Let AB run North, six cliains ; AD, N. 80° E. ; 
BC, S. 60° E. Let it be required to part off one acre by a fence 
parallel to AB. Here AB = 6.00, ABCD = 10 square chains, 
A = 80%B-=60°. Ans. CD = 4.57,AD = 1.92,BC = 2.18, 
and the breadth = 1,89. 

The figure is on a scale of 4 chains to 1 incb ^ 1 : 3168. 

B. By a line perpendicular to a side. 
(505) To part off a triangle. Let FG be the required line. 
When the field is given on the ^''8- ^^''■ 

groimd, or on a plat, at any point, as 
D, of the given side AB, set out a 
" guess line," DE, perpendicular to 
AB, and calculate the content of 
DEB. Then the required distance BE, from the angular point 
to the foot of the desired perpendicular, =BD /(— — 1. 
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Let BD =- 30 chains ; ED = 12 cliaina ; and the 
dewred area = 24.8 acres. Then BF = 35.22 chama. 
The scale of the figure is 30 chains to 1 inch ^ 1 : 23T60. 



V \ tang. B ; 




(506) When the field is given by Bearings, 
find the angle B from the Bearings ; then is 

7 2 X BF Gy 
, tang. B J 
Example. Let BA bear S. 75° E., and BC 
N. 60° E., and let five acres be required to be 
parted off from the field by a perpendicular to EA. Here the 
angle B = 45°, and BF = 10.00 chains. 
The scale of the figure is 20 chains to 1 inch =^1:15840. 

(507) To part off a quadrilateral. Produce the converging 
sid'cs to meet at B. Calculate the pig. 369. 

content of the triangle HKB, whe- 
ther on the ground or plat, or from 
Bearings. Add ifc to the content 

of the quadrilateral required to be ■"" S i " 

parted oiF, and it will give that of the triangle FGB, and the me- 
thod of the preceding case can then he applied. 

(508) To part otT any figure. If the field be very irregularly 
shaped, find by trial any line which will part off a little less than 
the required area. This trial line will represent HK in the pre- 
ceding figure, and the problem is reduced to parting off, accord- 
ing to the required condition, a quadrilateral, comprised behyeen 
the trial line, two sides of the field, and the required line, and con- 
taining the difference between the required content and that parted 
off by the trial-line. 

C. By a line auNNiNS m any gives iiubotion. 

(509) To part off a triangle. By construction, on the ground 
or the plat, proceed neariy as in Art. (505), setting out a line 
in the required direction, calculating the triangle thus formed, and 
obtaining BF by the same formula as in that Article. 

22 
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(510) If tlic fioM be given hj Bearings, find 
from them the angles CBA and GFB ; then is 
Y2 X BFG-HJQ. (B + F) V 
Bin. B . sin. F /■ 

Let BA bear S. 30° E. ; BO, 



BF: 



=7(^ 



JJ. 80° E. ; and a fence he required to run from 
some point in BA, a due North course, and to 
part off one acre. Required the distance from 
B to the point F, wheiico it must start. Ans. 
The angle B = 70°, and F = 30°. Then BP = 
6.47. 
The scale of Eig- 350 is 6 chains to 1 inch = 1 : 4752. 




(511) To part o£f a quadrilateral. Let it be required to part 
off, by a line running in a ^"'S- a"'i- 

given direction, a quadrila- 
teral from a field in which 
are given the side AJB, and 
the directions of the two ^f. 
other sides runmng from A 
and from B. 

On the ground or plat 
produce the two converging 
sides to meet at some point 
E, Calculate the content a 

of the triangle ABE. Measure the side AE. From ABE subtract 
the area to be cut off, and the remamder will he the content of the 
triangle CDE. From A set out a line AF parallel to the ^ven 
direction. Find the content of ABF. Take it from ABE, and 

thus obtain AFE. Then this formula, ED = AE \ /^^ ■ 
V I'A 

tho point D, since AD := AE — ED. 




' I'AE' 



will fix 



(51S) When the field and the dividing ime are given by Bear- 
ings, produce the sides as in the last article. Find all the angles 
from the Bearings. Calculate the content of the triangle ABE, by 
the formula for one side and its including angles. Take the 
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desired content from this to obtain CDE. Calciilate the side 
72 X CDE.sin.DOEv* 



AE=AB" 



'Iheni8AD = AE- 



-Vf- 



1. PCE 



Example. Let DA bear S. 20^= W. ; AB, N. 51|° '^.', '8.19 ; 
BC, N. 73^° E. ; and let it be required to part off tivo acres by a 
fence, DC, running N. 45° W. Am. ABE = 32.60 sq. chains ; 
whence CDE = 12.50 sq. chs. Also, AE = 8.3T; and finally 
AD ^ 8.37 — 5.49 = 2.88 chains. 

The scale of Eg. 351 is 5 chains to 1 inch = 1 : 3960. 

If the sum of the angles at A and B was more than two right 
angles, the point E would lie on the other side of AB. The neces- 
sary modifications are apparent. 



(513) To part off any figure. Proceed in a similar manner to 
that described in Art. (508), by getting a suitabfe trial-line, pro- 
ducing the sides it intersects, and then applying the method just 
given. 

D. By a line starting from a given point in a side. 

(514) To part off a triang;lei Let it he required to cut off 
from a corner of a field a triangu- fig. 352. 

lar space of given content, by a 
line starting from a given point 
on one of the sides, A in the figure, 
the base, AB, of the desired tri- , 
angle being thus given. If the 
field be given on the ground or on 
a plat, divide the given content 
by half the hase, and the quotient will be the height of the tri- 
angle &et off this distance from any point of AB, perpendicular 
to it as from A to C ; from C sot out a parallel to AB, and its 
inteiaection with tl e second side, as at D, will he the vertex of the 
requned tr angle 

Otherwise dn le the required content by half of the perpendi- 
cular distaneo fiom A to BD, and the quotient will be BD. 
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(515) If the field be given hj tho Bearings of two sides and the 
length of one of them, deduce the aagle B (Fig. 362) from the 

Bearings, as in Art. (243) . Then is BD = ^^ ^^^ . 

If it is more convenient to fix the point D, by the Second Me- 
thod, Art. (6), that of rectangular co-ordinates, we shall have 
BE = BD . COS. B ; and ED = BD . sin. B. 

The Bearing of AD is obtained from tho angle BAD ; which is 

, -ED BD . TSAT, 

known, since =— = -r^ — -?tt;= ^'^S- -oAD. 

EA Art — iJ±i 

Example. Eighty acres are to be set off from a comer of a 
field, the course AB being N. 80^ W., sixty chains ; and the Bear- 
ing of BD being N. 70° E. Am. BD = 53.33; BE = 46.19; 
ED = 26.67; and the Bearing of AD, N.!^3^ W. 

The scale of I'ig. 352 is 40 chains to 1 inch = 1 : 31680. 

If the field were right angled at B, of course BD ^ ~~rs~- 

(516) To part off a quadrilafcraL Imagine the two converg- 
ing sides of the field produced to meet, as in Art. (511). Calcu- 
late the content of the triangle thns formed, and the question will 
then be reduced to the one explained in the last two articles. 

(517) To part off any figure. I'roceedasdirectedinArt.(513). 
Otherwise, proceed as follows. 

The field being ^vcn on the ground or on a plat, find on which 
side of it the required line will end, by dramng or rurming " guess 
lines" from the given point to various angles, and roughly measur- 
ing the content thus parted off. *'■§■ 353. 
If, as in the figure, A ,being the 
given point, the guess line AD 
parts off leas than the required eon- 
tent, and AE parts off more, then 
the desired division line AZ will 
end in the side DE. Subtract the 
area parted off by AD from the 
required content, and the difference will be the content of the tri- 
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angle ADZ. Divide this bj half the perpendicular let fall from 
the ^vcn point A to the side DE, and the quotient -will be the base, 
or distance from D to Z, 

Or, find the content of ADE and make this proportion ; ADE : 
ADZ : : DE : DZ. 

(518) The field being ^ven by Bearings and distances, find 
as before, by approximate trials on the plat, or otherwise, which 
side the desired line of division will terminate in, as DE in the last 
figure. Draw AD. Find the Latitude and Departure of this 
line, and thence its length and Bearing, as in Art, (440). Then 
calculate the area of the space this line parts off, AECD in the 
figure, by the usual method, explained in Part III, Chapter VI. 
Subtract this area from that required to be cut off, and the remain- 
der will be the area of the triangle ADZ. Then, as in Art. (515), 
^^_ 2 AD Z 
^^-ADTibTlDZ- 

This problem may be executed without any other Table than that 
of Latitudes and Departures, thus. Find the Latitude and Depar- 
ture of DA, as before, the area of the space ABCD, and thence 
the content of ADZ; Then find the Latitude and Departure of 
EA, and the content of ADE. Lastly, make this proportion: 
ADE : ADZ : : DE ; DZ.* 

Example. In the field ABODE, &c., part of which is shown 
in Fig. 358, (on a scale of i chaii^ to 1 inch = 1 : 3168), one 
acre is to be parted off on the west side, by a line starting from the 
angle A. Required the distance from D to Z, the other end of 
this dividing lincf 

The only courses needed are these. AB, N. 53° W., 1.55 ; 
BO, N. 20= B., 2.00 ; OD, N. 5^° E., 1.32 ; DE, S. Bio E., 5.Y9. 
A rough measurement will at once shew that ABCD is less tban 
an acre, and that ABODE is more ; hence the desired line wiU fell 

* The problem may also be pBi-formed by making [he side on which the divi- 
sion line is 10 fiiU, a Meridian, and chungiiig ths Bearings as in Alt. (241). The 
difference of the new Departm-es will be the Departure of the Divieion line, lis 
position can then be easily determined, by calcnlations resembling those in Pwt 
Vn, Chapter IV, Arts. (443), &o. 

f If the whole lielil has been surveyed anil balanced, tJie balanced Latitudes 
and Departures should be used. We will here suppose the survey to have proved 
perfectfy correct. 
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on DE. The Latitudes and Departures of AB, EC and CD are 
then found. From them the course AD ia found to be N. 8° E., 
3.63. The content of ABCD will be 3.19 square chains. Sub- 
tracting this from one acre, the remainder, 6.81 sq. chs., is the con- 
tent of ADZ. AP= 3.63 x sin. 65°= 3.29. Dividing ADZ 
by ha]f of this, we obtain DZ = 4.14 chains. 

By the Second Method, the Latitude and Departure of DA, the 
area of ABCD, and of ADZ, being found aa before, we next find 
the Latitude and Departure of EA, from those of AD and DE, 
and tlience the area of ADE = 9,53, Lastly, we have the pro- 
portion 9.53 : 6,S1 : : 5.79 : DZ = 4,14, as before. 

E. By a line passin& throitgh a gitbh point within the tield. 

(519) To part off a trfaogle. Let P be a point within a field 
through which it is required to 
run a iine so as to part off from 
the field, a given area in the 
form of a triangle. 

When the field ia given on the 
ground or on a plat, the division 
can be made hj construction, 
thus, From P draw PE, paral- 
lel to the side BC, Divide the 
given area by half of the perpen- 
dicular distance from P to AC, 
and set off the quotient from C 
to G. Bisect GC in H. On , 
HE describe a semi-circle. On 
it set off EK = EC. Join KH. 
Set off HL == HK. The line LM, drawn from L through P, will 
be the division line required.* If HK be set off in the contrary 
direction, it will fix another Imo L'PM', meeting CB produced, and 
thus parting off another triangle of the required content. 

Example. Let it be requncd to pait off 31.175 acres by a 
fence passing through a pomt P, the distance PD of P from the 

for the Demonaliation the student should diaw it himself to a kvge scale. 
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side BO, measured parallel to AC, being 6 chains, and DC 18 
chaina. The angle at is fixed by a "tie-line" AB = 48.00j 
EC being 42.00, and CA being 30.00. Ans. CL= 27.31 
ch^na, or CL' =^ 7.69 chains. 

Tbe figure is on a scale of 20 chaina to 1 inch = 1 : 15840. 



(520) If the angle of the field 
and the position of the point P are 
given bj Bearings or angles, proceed 
thus. Find the perpendicular dis- 
tances, PQ and PR, from iiie given 
point to the sides, by the formulas 
PQ = PC . sin. PCQ ; and PR = 
PC . sin. PCE. Let PQ = q, PR 
=^^, and tbo required content =(;. 




Then CL 



-'p^\/(y'~ 



2qc 



,. LCM/ 
Let the angle LOM= 82°. Let it be required to 
part off the same area as in the preceding example. Let PC = 
19.75, PCQ =17° 30 J', PCIl = 64o 29^-'. Required CL. 
Ans. PQ = 5.94, PR=17.82, and therefore, by the fonnula, 
CL^ 27.31, or CL'=7.69; corresponding to tlie graphical 
solution. The figure is on the same scale. 

If the ^ven point were without the field, the division line could 
be determined in a similar n 



(521) To part off a quadrilateral. Conceive the two sides of 
the field w'hich the division line will intersect, fig. 351;. 

DA and CE, produced till they meet at a 
point G, not shown in the figure. Calculate 
the triangle thus formed outside of the field. ^ 
Its area increased by the required area, 
will be that of the triangle EFC1-. Then the 
problem is identical with that in the last 
article. The following example is that 
given in Grummere's Surveying. The figure 
represents it on a scale of 20 chams to 1 inch = 1 : 15840, 
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Example. A flold is bounded tlim; N. 14" W., 15.20; 
N. 70JO E., 20.43 ; S. 6° E., 22.79 ; N. 861° W., 18.00. A 
spring -within it bears from tlie second comer S. 75° E., 7.90. It 
ia required to cut off 10 acres from the West side of the field by a 
straight fence through the spring. How far will it be from the 
first comer to the point at which the division fence meets the fourth 
side ? Am. 4.6357 chains. 



(522) To part off any fignrCi Let it be required to part o 
from a field a certain area by Fig. 357. 

a fine passing through a given 
point P within tlie field. Bun 
a guess-lino AB through P. 
Calculate the area which it 
parts off. Call the difference 
between it and the required 
area = d. Let CD be the 
desired line of division, and 
let P represent the angle, APC or EPD, which it mates with the 
given line. Obtain the angles PAC = A, and PBD = B, either 
by measurement, or by deduction from Bearings. Measure PA 
and PB. Then the desired angle P will be ^ven by the following 
formula. 




Cot. P : 



V[^ 



-*(■ 



cot. A + cot. E ■ 



AP2 



-BP' 



)^ 



^ I cot. A 



+ cot. ; 



— — cot. A . cot. B + 
AP=— BP^l 



■Id 



-)!■ 



If the guess line be run so as to be perpendicular to one of the 
sides of the field, at A, for example, the preceding expression 
reduces to the following simpler form. 



Cot. P = 



(cot.B- 



AP^. 



-BF^l 



n/[- 



-l(cc 



-T] 
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Example. It was required to cut off from a field twelve acres 
by a line passing through a spring, P. A guess-line, AB, was run 
making an angle with one side of the field, at A, of 55°, and with 
the opposite side, at B, of 81°. The area thus cut off was found 
to he 13.10 acres. From the spring to A was 9,30 chains, and to 
B 3.30 chains, Kequired the angle which the required line, CD, 
must make with the guess Ime, AB, at P. Ans. 20° 45' ; or 
— 86'' 25'. The heavy broken line, CD', shows the latter. 

The scale of the figure is 10 chains to 1 inch = 1 : 7920. 

If the giFen pomt were outside of the field, the caJculations would 
be similar. 



F. By tub shoetest possxele i,:ne. 

(523) To part off a triangle. Let it be requked to part 
triangular space, BDE, of ^ven content, from the 
comer of a field, ABO, by the shortest possible 
line, DB. 

From B set off BD" and BE each equal to 
^^2BM^_ The line DE thus obtained will be 
perpendicular to the line, BF, which bisects the an- 



gle B. The length of DE: 



_ V(2.DBE.Em.] 




OS. iB 

Example. Let it be required to part off 1.3 acre from t 
comer of a field, the angle, B, being 30°. Ans. BD = BE == 
7.21; and DE = 3.73. 

The scale of the figure is 10 chains to 1 inch ^1 : 7920. 

G. Land of variable value. 

(S21) Let the figure represent a field in which Fig. 359. 
the land is of two quaiitiea and values, divided by 
the " quality Hne " EF. It is required to part off 
from it a quantity of land worth a certain sum, hy ■ 
a straight fence parallel to AB. 

Multiply the value per acre of each part by its 
length (in chams) on the line AB, add the pro- 
ducts, multiply the value to be set off by 10, divide 
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by the above sum, and the quotient will be the desired breadth, EC 
or AD, in chains. 

UxampU. L?t the land on one side of EP be worth $200 per 
acre, and on the other side $100. Let the length of the former, 
BE, be 10 chains, and EA be 30 chains. It is required to part 
off a quantity of land worth §7500. An&. The width of the 
desired strip ivil! be 15 chains. 

The scale of the figure is 40 chains to 1 inch = 1 : 31680. 

If the " quality line" be not perpendicular to AB, it may be 
made so by " giving and taMng," as in Art. (124), or as in the 
article following this one. 

The same method may be applied to land of any number of 
different qualities ; and a combination of this method with tho pre- 
ceding problems tvIII solve any case ivHch may occur. 
H. Straightenins crooked fences. 

(525) It is often required to substitute a straight fence for a 
crooked one, so that the fonner shall part off precisely the same 
quantity of land as did the latter. Tliis can be done on a plat by 
the method given in Art. (8S), by which the irregular figure 




1...2...3...4...5 ifl reduced to the equivalent triangle 1...5,,.3', and 

the straight line 5. ..3' therefore parts off the same quantity of land 
on either side as did the crooked one. The distance from 1 to 3', 
as found on the plat, can then be set out on the ground and the 
straight fence be then ranged from 3' to 5 

The work may be done on the ground more accurately }iy run- 
ning a guess line, AC, Fig, 361, across the bends of the fence which 
crooks from A to B, measuring oflaets to the bends on each side 
of the guess line, and calculating their content. If the sums of 
these areas on each side of AC chanced to be equal, that lyould be 
the line desired ; but if, as in the figure, it passes too far on one 
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Fig. 3(il. 




side, divide the difference of the areas by half of AC, and set it 
off at right angles to AC, from A to D. DC will then be a line 
parting off the same quantity of land as did the crooked fence. If 
the fence at A was not perpendicular to AC, but oblique, as AE, 
then from D run a parallel to AC, meeting the fence at E, and EC 
will be the required line. 



CHAPTER in. 



DITIDISG UP LAND. 



(526) Mo^T of the p Hems for "Dividing up" land maybe 
brought undez the cista in the preceding chapter, by regarding 
one of the portions mto ivhich the figure is to bo divided, as an 
area to be " Parted oft ' from it. Many of them, however, can 
be most neatly executed by considering them as independent pro- 
blems, and this will be heie done. They will be arranged, firstly, 
according to the bmiphcity of the figure to be divided up, and then 
sub-arranged, ia m the leadmg arrangement of Chapter II, accord- 
ing to the manner of the division. 

DIVISION OF TRIANGLES. 

(527) By Unes parallel to a side. Sup- lig-sea.^ 
pose that the triangle AEC is to be divided into 
two equivalent parts by a line parallel to AC. 
The desired point, D, from which this Ime Is to 
start, will be obtained by measuring ED = 
AB Vi- So, too, E is fixed by BE =. EC V^. 
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Generally, to divide the triangle into two parts, BDE and ACED, 
which shall havo to each other a ratio = m ; n, we have BD = 



This may be constructed thos. Describe a 
semicircle on AB as a diameter. From B set 
off BF = — ^— . BA. At F erect a perpendi- i 

ctilar meeting the semicircle at G. Set off EG 
from B to D. D is the starting point of the divi- 
sion line recjuired. In the figure, the two parts ar 
BPia therefore = I BA. 

To divide the triangle AEG into five 
eofuivalent parts, we should have, similarly, 
BD=AE Vi; BD' = AB Vl; BD" 
=:AB /I; BD"'=;AB Vf 

The same method will divide the trian- 
gle into any desired uumber of parta hay- 
ing any ratios to each other. 





(528) By lines perpendicalar to a side. Suppose that ABC 



is to be divided into two parts having 
a ratio = m : n, by a line perpendicular 
to AC. Let EF be the dividing line 
whose positioQ is required. Let BD 
be a perpendicular let fall from B to 



rig. 305. 



AC. ThenisAFi 



=V( 



AC X AD X - 



« + 



— I . Ik this figure, 



AFE;EFBC::™:n:;l:2. 

If the triangle had to be divided into two equivalent parta, the 
a would become AF = V(^ AC X AD}. 



(529) By lines running in any given direction. Let a triangle, 
ABC, bo given to be divided into two parts, having a ratio = m in, 
by a line making a given angle with a side. Part off, as in Art. 

(509) or (510), Fig. 350, an area BFG = ^ - - ■ ABC. 
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(530) By lines starting from an angle. Divide the side oppo- 
^te to tiie givcE angle into the required num- ^'S^ 366, 

ber of parts, and draw lines from the angle to 
the points of division. In the figure the tri- 
angle is represented as being thus divided into 
two equivalent parts. 

If the triangle were required to be divided into tivo parts, having 

to each otJier a ratio = m : n, we should have AD = AC - 

and DC = AC —J--. 

If" the triangle had to be divided into three 
parts which should be to each other :: m ; « -.p, 

we should have AD = AC - 



n + n 



: AC " , and EC = AC - 



Suppose that a triangular field ABC, had to be divided among 
five men, two of them to have a quarter each, and three of them 
each a sixth. Divide AC into two equal parts, one of these again 
into two equal parts, and the other one into three eqnal parte. 
Run the lines from the four points thus obtained to the angle B. 

(531) By lines starting from a point in a side- Suppose that 
the triangle ABC is to be divided into two Fig. 368 

equivalent parts by a line starting from a point 
D in the side AC. Take a point E in the 
middle of AC. Join BD, and from E draw a 
parallel to it, meeting AE in P. DE will be . 
the dividing line required. 

The point E will be most easily obtained on the ground by the 
proportion AD : AB : : AE = ^ AC : AE. 

The altitude of AFD of course equals J ABO -^ ^ AD. 

If the triangle is to bo divided into two parts having any other 
ratio to each other, divide AC in that ratio, and then proceed as 

before. Let this ratio = m : «, then AP = ^:^-^ . _-^_. 
AD m + n 
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(.532) Next suppose that tJie trian- 
gle ABC is to be divided into three 
eqmvalent parta, meeting at D. The 
altitudes, EF and GH, of the pari8 
ADE and DOG, will he obtained bj A' 
dividing \ ABC, hy half of the respective bases AD and DC. 

If one of these quotients px%s an altitude greater than that of tlie 
triangle ABC, it will shew that the two lines DE and DG would 
both cut the same aide, as in Fig. 370, in Fig. 370, 

which EF is obtained as above, and GH = 
% ABC -T- i AD. 

In practice it is more convenient to de- 
termine the points F and G, by these 
proportions ; " r h k. 

BK : AK : ; EF : AF ; and EK : AK : : GH : AH. ' 

The division of a triangle into a greater number of parts, having 
any ratios, may be effected in a similar manner. 

(533) This problem admits of a more elegant solution, analogous 
to that given for the division into two fig. 3ri. 

parts, graphically. Divide AC into 
three equal parts at L and M, 
ED, and from L and M draw paral- 
lels to it, meeting AB and BC in E 
and G. Draw ED and GD, which will be the desired lines of 
division. The figure is the same triangle as Fig. 369. 

The points E and G can be obtained on the ground by measur- 
ing AD and AB, and making the proportion AD : AB : : ^ AC : AE, 
The point G is similarly obtained. 

The same method will divide a triangle mto a greater number 
of parts. 

(534) To divide a triangle into four equivalent triangles by 
lines terminating in the sides, is very i'''S- ^^a. 

easy. From D, the middle point of AB, 
draw DE parallel to AC, and from F, 
the middle of AC, draw FD and FE. 
The problem is now solved. 
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(53Sj By lines passing tln'ongh a point iritliiu tli6 triangle. 

Let D be a given point (such as a well, 

&c.) within a triangular field ABC, from 

which fences are to nm so as to divide 

the triangle into txvo equivali 

Join AD. Take E in the middle of BC, 

and from it draw a parallel to DA, meeting AC in F. EDI" is 

the fence recjuired. 




(S3$) If it be required to di- 
vide a triangle into two equiva- 
lent parts by a straight line pass- 
ing through a point ivitiin it, pro- 
ceed thus. Let P ho the given 
point. From P draw PD paral- 
lel to AC, and PE parallel to BC. 
Bisect AC at P. JoinFB. From 
B draw BG parallel to DF. Then 
bisect GC in H. On flE de- 
scribe a semicircle. On it set off 
EK = EC. Join KH. Set off 
HL = HK. The line LM drawn ^ ^ ^ 
from L, through P, will be the V 

division line required. 

This figure is the same as that of Art, (519). The triangle 
ABC eontaina 62,35 acres, and the distance CL = 27.31 chains, 
as m the example in that article. 




(537) Hexfc suppose that the trian- 
gle AEC is to be divided into three 
equivalent parts hj lines starting from 
a point D, within the triangle, given by 
the rectangular co-ordinates AE and 
and ED. Let ED be one of the lines 
of division, and F and G the other points required. The point F 
will be detennmed if AH is known ; AH and HF being its rectan- 
gidar co-ordinates. From B let fall the perpendicular BK on AC. 
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[PABT XI. 

The position of the 




AE X BK 
other point, G, is determined in a dmiiar 



(538) Let DB, instead of DE, 
be one of the required lines of 
division. Divide ^ ABC hj half 
of the perpendicular DH, let fall 
irom D to AB, and the quotient 
will he tho distance EF. To find 
G-, if, as io this figure, the trian- s i' - ' — 
gle BDC (= BC X ^ DK) is less than \ ABC, divide the excess 
of the latter (which ivill be CDG) by JDE, and the quotient will 
heCG. 

Example. Let AB = 30,00; BO = 45.00; CA = 50.00. 
Let the perpendiculars from D to the sides he these ; DE = 10.00 ; 
DH =. 20.00 ; DK = S.ll^. The content of the triangle ABC 
will be 666.6 square chains. Ea«h of the small triangles must 
therefore contam 222.2 sq. chs.,BD being one division line. We 
shall therefore have BE = 222.2 -4- ^ DH = 22.2 chains. BDC 
= 45 X ^ X 5.17J- = 116.4 sq. chs., not enough for a second por- 
tion, but leaving 105.8 sq. chs. forCDG; whence CG= 21.16 
chs. To prove the work, calculate the content of the remaining 
portion, GDFA. We shall find DGA = 144.2 sq. chs., and ADP 
= 78,0 aq. chs., making together 222.2 sq. chs., as required. 

The scale of Kg. 376 ia 30 chains to 1 inch = 1 : 23760. 

(539) The preceding case may ^ F'B- a''''- 
he also solved graphically, thus. 
TakeCL=iAC. Join DL, and 
from B draw EG parallel to DL. 
Join DG. It Avill be a second line 
of division. Then take a point, 
M, in the middle of EG, and from a^ 
it draw a line, MF, parallel to DA. DF will be the third line of 
division. This method ia neater on paper than the preceding ; but 
less convenient on the ground. 
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(510) Let it be required -to divide Fig. 378. 

the triangle ABO into three equiva- 
lent triangles, by lines drawn from 
the three angular points to some wn- 
knotvn point within the triangle. This 
point is now to he found. On any A 
side, as AB. take AD = ^ AB. Prom D draw DE parallel to 
AC. The middle, F, of DE, is the point required. 

If the three small trianglea a,re not to be equivalent, but are to 
have to each other the ratios ::m:n:p, ^<s- 3^3- 

divide a aide, AB, into parts having 
these ratios, and through ea«h point 
of division, D, E, draw a parallel to 
the side nearest to it. The intersec- 
tion of these parallels, in E, is the 
point required. In the figure the parts ACE, ABE, BCF, i 
2:3:4. 

(541) Let it be required to find 
the position of a point, D, situated 
within a given triangle, ABC, and 
equally distant from the points A, B, 
C; and to determine the ratios to 
each other of the three triangles into A- 
which the given triangle is divided. 

By construction, find the centre of the circle } 
A, B, C. This wil! he the required point. 

By calculation, the distance DA = DB = DC = = — . 

■) ' 4 X area ABC 

The three small triangles will he to each other as the sines of their 

angles at D ; i. e. ADB : ADO : BDC : : sin. ADB : sin. ADC : 

sin. BDC. These angles are readily found, smce the sine of half 

of each of them equals the opposite side divided hy twice one of 

the equal d 
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(542) By the sKorlest possible line. Let it be Fig- 3E 
required to divide tJie triangle ABC by the shortr 
est possible line, DE, into two parts, wbich shall 
be to each other : : m : n; or DBE : ABC : : m 
•.m + n. 

Prom the smallest angle, E, of the triangle, 
measure along the sides, BA and BC, a distance 

BD = BE=y(~-x ABxBc). DEisthe , 

line required. It is perpendicular to the line BP which bisects 

the angle ABC; anditis= ^^^ ^(— ^ x AB x Bc)- 




DIVISION OF RECTANGLES. 

(54S) By lines parallel to a side. Divide two opposite sides 
into the required number of parts, either equal or in any given 
ratio to each other, and the lines joining the points of division will 
bc the lines desired. 

The same method is applicable to any paralielogram. 

Example. A rectangular field 
ABCD, measuring 15.00 chains 
by 8.00, is bought by three men, 
who pay respectively $300, $400 
and $500. It ie to be divided 
among them in that proportion, 
Ang. The portion of the first, 
AEE'B, is obtained by making the proportion 300 + 400 + 500 : 
300 : : 15.00 : AE = 3.T5. EF is in like manner found to be 
5.00 ; and FD = 6.25. BE' is made equal to AE ; E'F' to EF ; 
and F'C to FD. Fences from E to E', and from F to P', will 
divide the land as required. 

The scale of the figure is 10 chains to 1 inch = 1 : 7920. 

The other modes of dividing up rectangles will be given under 
the head of " Quadrilaterals," Art. (548), &c. 




Hosted by 



Google 



CHAP, in.] DivWii^ up Land. 

DIVISION OF TRAPEZOIDS, 

(544) By line's parallel to the bases. Given the ba 
third side of the trapezoid, ABCD, to be pig. 

divided into two parts, such that BCFE : 
EFDA •.-.min. 

The length of the desired dividing line, 

AB (EF — BO ) 
AD — BO ■ 
Let AD = 30 chains ; EC = 
20 chs. ; and AB = 54^ chs. ; and the parts 
to be as 1 to 2 ; required EP and BE. 
Ans. EF = 23.80 ; and BE = 20.65. 

The figure is on a scale of 30 chains to 1 
inch = 1:23760. 



The distance BE = 



(515) Griven the bases of a trapezoid, and the perpendicular 
(Stance, BH, between them ; it is required to divide it as before, 
and to find EP, and the altitude, BG, of one of the parts. Let 



BCFE : EFDA : : 
EF - BC + BG 



1. ThenBG = 

< ABCD X BH 

AD — BG 
AD — BC 



AD— BC 



\AD — BC/ J 



BH 

Let AD = 30.00; BC =20.00; BH = 54.00; 
and the two parts to be to each other : : 46 : 89. 

The above data give the content of ABCD = 1350 square 
chmns. Substituting these numbers in the above formula, vre obtain 
BG = 20.96, and EF= 23.88. 



(516) By lines starting from points in a side. To divide a 
trapezoid into parts equivalent, or having any ratios, divide ita 
:8 in the same ratios, and join the corresponding pomts. 
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If it be also reciuired that the division lines shall start from 
given points on a side, proceed ^ *''S; ^84. ^ 

thus. Let it be required to 
divide the trapezoid ABCD 
into tiree equivalent parts by 
fences starting from P and Q 
Divide the trapezoid, as above 
directed, into three equivalent 
trapezoids by the lines EF and GH. These three trapezoids musf 
now be transformed, thus. Join EP, and from P draw EE. paral 
lei to it. Join PR, and it will be one of the division lines required. 

The other division line, QS, is obtained similarly. 

(547) Other cases. Eor other eases of dividing trapezoids, 
apply those for quadrilaterals in general, given in the following 
articles.* 

DIVISION OF QUADRILATERALS. 

(548) By lines parallel to a side. Let ABCD be a quadrila 
terai which it is required to Fig. 385. 

divide, by a line EF, paral- g 

lel to AD, into two parts, /T\ 

BEFO aad EFDA, which _./ j \ 

shall be to each other as _/' '• \ 

min. Prolong AB and CD /'' [ 

to intersect ia 6. Let a be 
the ,area of the triangle 
ADCf, obtained by any me- 
thod, graphical or trigono- 
metrical, and a' = 
of the triangle EGG, obtained by subtracting the area of the given 
quadrilateral from that of the triangle ADG. Then GK = GH 

x/iy T—f • Having measured this length of GK from G on 

GH, set off at K a perpendicular to GK, and it will be the required 
line of division. 

* If a line be drawn joinine the middlo points of the pai'allel bases of a Iriipe- 
loid, any line drawn through ilie middle of the first line will divide the trapezoid 
into two equiraleot pans. 
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Otherwise, take GE = QA.,/i ~ . "^ "/^ I ; and from E run 

a parallei to AD. 

If the two parts of the quadrilateral were to he equivalent, m =n, 



1 we have GK - GH 



mp>-- 



and consequently GE to 



GA in the same ratio. 

Example. Let a quadrilateral, ABCD, he required to be thus 
divided, and let its angles, E and C, be given by rectangular co-ordi- 
nates, viz : AB' = 6.00 ; E'B = 9.00 ; DC = 8.00 ; C'C = 13.00 ; 
B'C = 24.00. Here GH is readily found to he 29.64 ; ADG = 
563.16 square chEuns ; and BGC = 220.16 square chains. Hence, 
by tie formula, GK = 24.72 ; whence KH = GH — GK = 4.92 ; 
and the abscissas for the points E and F can he obtained by a 
simple proportion. 

The scale of the figure is 20 chains to 1 inch = 1 : 15840. 

If the quadrilateral he given by Bearings, part off the d 

area = . ABCD, by the formulas of Art, (504). 

Suppose now that a quad- Fig. sse. 

rilateral, ABCD, is to he di- 
vided into^ equivalent parts, 
by lines parallel to AD. 
Measure, or calculate by Tri- 
gonometry, AG. Let Qbe 
the quadrilateral ABCD, and, 
as before, a' = ECG. Then 

GE = AG^^ P J; GL 





./-^^ 


'~~~~\ 




^ 


M 












= AG / °+7- 
( a' + Q 



If the quadrilateral be given by Bearings, part off, by Art. (504), 
■ , ABCD, then part off - . ABCD ; &c. ; so in any similar case. 
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(549) By lines perpendicular to a side. 

quadrilateral which is to be divided, by 
a line perpeadieular to AD, into Wo 
parts having a ratio = m : n. Hy hypo- 
thesis, ABEF = —^^ . ABCD. 

Taking away the triangle AB&, the ^ ** 
reminder, GBEF, will be to the rest of the figure in a known 
ratio, and the position of EF, parallel to EG, will be found as in 
the last article. 




(550) By lines ruoning in any given direction. To divide 
a quadrilateral ABCD into two parts :: m : n, part off from it an 

area = "' . ABCD, by the methods of Arts. (509) or (510), 

if the area parted off is to be a triangle, or Arts. (511) or (512), 
if the area pai-ted off is to be a quadrilateral. 

(551) By lines starting from an aogle. ABCD is to be 
divided, by the line CE, into two ^'S- 388. 

parts having the ratio m : n. 
Since the area of the triangle 



ODE- 



. ABCD, DE will 




be obtained by dividing this area 
by half of the altitude CF. 

(552) By lines starting from points in a side. Let it 

required to divide ABCD into two ^^s- 389. 

parts : : m : n, by a Ime starting from 
the point E. The area ABFE is 

known, (being = . ABCD) as 

abo ABE; AE, BE, and EA be- 
ing ^ven on the ground. BEE will then be known = ABFE — 

ABE. Then GF = p^, and the point F is obtained by running 

a parallel to BE, at a perpendicular distance from it = GF. 
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Dividing up Laud. 




To divide a quadrilateral, ABCD, 
graphically, into two equivalent parts 
by a line from a point, E, on a 
side, proceed thus. Draw the diago- 
nal CA, and from B draw a parallel 
to it, meeting DA prolonged in F. 
Mark the middle point, G, of PD. : 
Join GE. From draw a parallel to EG, meeting DA in H. EH 
is the required lino. The quadrilateral could also be divided in 
any ratio = m : ji, by dividing FD in that ratio. 

If the quadrilateral be given by Bearings, proceed to part off 
the desired area, aa in Art. (515) or (516)- 

(533) Let it be required to divide a quadrilateral, ABCD, into 
three equivalent parts. 
From any angle, aa C, 
draw CE, parallel to DA, 
Divide AD and EC, each 
into three equal parts, at 

F, F', and G, G'. Draw 
BE, BF'. From G draw 
GH, parallel to FE, and 
from G' draw G'H', pit- P ^' 

rallel to F'E. FH and F'H' are the required lines of division. 

Let it be required to make Fig. 392. 

the above division by lines 
starting from two given 
points, P and Q. Reduce 
tiie quadrilateral to an equi- 
valent triangle CBE, as in 
Art. (87). Divide EB into 
three equal parts at F and 

G, Join CQ, and, from G, 

draw GK parallel to it. Join CP, and from F draw FL p 
to it. Join PL and QK, and they will be the division lines required. 

(551) By lines passiDg tbrough a point n'iDiin the figure. 
Proceed to part off the desired area aa in Arts. (519), (520), or 
(531), according to the circumstances of the case. 
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DIVfSION OF POLYGONS. 
(555) By lines ranning in any direction. Let ABCDEFG be 
a given polygon, and BH the di- 
rection parallel to which is to be 
drawn a line PQ, dividing the 
polygon into two parts in any de- 
sired ratio = m :n. The area 



PCDEQ = 



t + n 



- . ABCDEFG. 




Taking it from the area BCDEH, 

the remainder will he the area 

EPQH. The quadrilateral 

BCEH, CE being supposed to be drawn, can then be divided by 

the method of Art. (548), into two parts, BPQH aild PQEC, 

having to each other a known relation. 

If DK were the given direction, at right angles to the former, 
the position of a dividing line RS could be similarly obtained, 

(556) By lines starting itnm an angle. Produce one side, AB, 




of the given polygon, both ways, and reduce the polygon to a single 
equivalent triangle, XYZ, by the method of Art. (82), Then 
divide the base, XY, in the required ratio, as at W, and draw 
ZW, which will be the division line desired. In this figure the 
s divided into two eqnivident parts. 
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If the division line should pass outside oF tlia polygon, as does 
ZP, througli P draw a parallel to BZ, meeting the adjacent aide 
of the polygon in Q, and ZQ will be the division line desired. 

(557) By lines starting from a point on a side. See Articles 
(517) and (518) in the preceding chapter. 



(S5S) By lines passing tliroug:h a point wUbin llie figure> 

Part oif, as in Arts. (519) or (522) in the preceding chapter, 
if a straight line he required ; or by guess lines and the addition 
of triangles, as in Art. (538) of this chapter, if the lines have 
merely to start from the point, such as a spring or well. 

(559) Other problemsi The following is from Gummere's Sur- 
veying, Question. A tract of land is Fig. 395. 
hounded thus: N. 351° E., 23.00; N. 
75^° E., 30.50; S. 3^° E., 46.49; N. 
66JO W., 49.64. It is to be divided into 
four eqiuvalent parts hy two straight lines, 
one of which is to run parallel to the third 
side ; required the distance of the parallel 
division line from the first comer, mea- 
sured on the fourth side ; also the Bearing 
of the other division line, and its distance from the same corner 
measured on the first side. Atis. Distance of the parallel divi- 
aon line from the first comer, 32.50 ; the Bearing of the other, 
S. 88° 22' E, ; and its distance from the same comer 5.99. 

The scale of the figure is 40 chains to 1 inch = 1 ; 31680. 

An indefinite number of problems on this subject might be pro- 
posed, hat they would be matters of curiosity rather than of utility, 
and exercises in Geometry and Trigonometry rather than in Sur- 
veying ; and the youngest student will find his life too short for 
even the hastiest survey of merely the most fruitful parts of the 
boundless field of Mathematics. 
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PART XII. 

THE PUBLIC LANDS 
OF THE UNITED STATES/ 

(560) General system. The Putlie Lands of the United States 
of America are generally divided asd laid out into squares, the 
sides of which run trulj North and South, or East and West. 

This is effected bj means of Meridian lines and Parallels of Lati- 
tude, established six miles apart. The principal meridians and base 
lines are established astronomically, and the intermediate ones aj:e 
run with chain and eompass. The squares thus formed are called 
Townships. Thej contain 36 square miles, or 23040 acres, " as 
nearly as may be." The map on the opposite page represents a 
portion of the Territory of Oregon thus laid out. The scale is 10 
miles to 1 inch = 1 : 633600. On it will be seen the "Willamette 
Meridian," running truly North and South, and a " Base line," 
which is a " Parallel of Latitude," running truly East and West. 
Parallel to these, and ax miles from-them, are other lines, forming 
Townships. All the Townships, situated North or South of each 
other, form a Range. The Ranges are named hy their number 
East or West of the principal Meridian. In the figure are seen 
three Ranges East and West of the Willamette Meridian. They are 
noted as R, I. E., R. I. W., &c. The Townships in each Range 
are named by their number North or South of the Base line. In 

' The Bubslance of this Fart is mainly taken from " Instractiona lo the Surveyor 
Generfil of Oregon, being a Manual for Field Operntiona," prepared, in March, 
18S1, by John M. Moore, " Principal Clerit of Snrveys," by direction of Hon. 
J. Bulterfieid, " Commissioner of the General Land Office,'' and communicated to 
the author by Hon. John Wilson, the pi-esmt CommiaEiDner. The nim of the 
" InslractionB" is stated to be " simplicity, uniformity and permnnency." They 
seem admirably adapted for these objects, and ihe tasting importance of ihe subject 
in this country bea led the author to reproduce abotit half of them in this place. 
They were subsequently directed to be adopted for the Snrveying service in 
Minnesota and California. 
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the figure along the principal Meridian are seen four North 
and five South of the Base line. They are noted ae T. 1 N., 
T. 2 N., T. 1 S., &c." 

Each Township is divided into 36 Sec- 
tions, each 1 mile square, and therefore 
containing, " as nearly as may be," 640 
acres. The sections in each Township are 
numbered, as in the margin, from 1 to 36, 
the North-east angle of the 
I, and going West from 1 to 6, 
then East from 7 to 12, and so on alter- ^ 

nately to Section 36, which will be in the South-east angle of the 
Township. The Sections are sub-divided into Quarter-seolions, 
half-armilo square, and containing 160 acres, and sometimes into half- 
quarter-sections of 80 acres, and quarter-quarter-seetiona of 40 acres.' 

By this beautiful system, the smaOest subdivision of land can be 
at once designated ; such as the North-east quarter of Section 31, 
in Township two South, in range two East of Willamette Meridian. 
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(561) Dil&cnltyi " The law requires that the lines of the 
public surveys shall be governed by the true meridian, and that 
the townships shall be six miles square, — two things involving in 
connection a mathomatical impossibility — for, strictly to conform 
to the meridian, necessarily throws the township out of square, by 
reason of the convergmcy of meridians ; hence, adhering to the 
true meridian renders it necessary to depart from the strict require- 
ments of law as respeeta tho precise area of townships, and the 
subdivisional parts thereof, the township assuming something of a 
trapezoidal form, which inequality developes itself, more and more 
as such, the higher the latitude of the surveys. In view of these 
circumstances, the law provides that the sections of a mile. square 
shall contain tho quantity of 640 acres, as nearly as may he; and, 
moreover, provides that ' In all cases where the exterior lines of 
the townslups, thus to be subdivided into sections or half-sections, 
shall exceed, or shall not extend, six miles, the excess or deficiency 
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shall be specially noted, and added to or deducted from the western 
or nortkem ranges of sections or half-sections in such township, 
according as the error may be in running the lines from east to 
Treat, or from south to north.' " 

" In order to throw the excesses or deficiencies, as the case may 
be, on the north and on the west sides of a township, according to 
law, it is necessary to survey the section lines from south to north 
on a true meridian, leaving the result in the northern line of the 
township to be governed by the convexity of the earth and the 
eonvergency of meridians." 

Thus, suppose the land to be surveyed hes between 46° and 47° 
of North Latitude. The length of a degree of Longitude in Lat. 
46^^ N. is taken as 48.0705 statute miles, and in Lat. 47° N. as 
47.1944. The difference, or convergency per square degree = 
0.8761 = 70.08 chains. The convergency per Kange (8 per 
degree of Longitude) equals one-eighth of this, or 8.76 chains; 
and per Township (llg per degree of Latitude) equals the above 
divided by 11^, i. e. 0,76 chain. "We therefore know that the 
width of the Townships along their Northern line is 76 links less 
than on their. Southern line. The townships North of the base line 
therefore become narrower and narrower than the six mile width 
with which they start, hy that amount ; and those South of it as 
much wider than six miles. 

" Stasdard Parallels (^usually called correction lines'), are 
established at stated intervals (24 or 30 miles) to provide for or 
counteract the ei-ror that otherwise would result from the conver- 
gency of meridians ; and, because the public surveys have to be 
governed by the true meridian, such lines'serve also to arrest error 
arising from inaccuracies in measurements. Such lines, when lying 
north of the principal base, themselves constitute a hase to the sur- 
veys on the north of them ; and where lying south of the prin- 
cipal base, they constitute the base for the surveys south of them." 

The convergency or divergency above noticed is taion up on 
these Correction lines, from which the townships start again irith 
their proper widths. On these therefore there are found Dovhle 
Comers, both for Townships and Sections, one set being the 
Olosinff Oomers of the surveys ending there, and the other set 
being the /Standard Comers for the surveys starting there. 
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(56'2) Running Township lines. " The principa] meridian, the 
base line, and the standard parallels having been first astronomi- 
cally nm, measured, and marked, according to instructions, on true 
meridiana, and trae parallels of latitude, tlie proceit, of lunmng, 
measuring, and marking the exterior lines of townships Mili he ai 
follows. 

ToumsJdps siiaated north of the bast, hue, and west of tht 
principal meridian,'' Commenoc at No 1, bemg the southi\est 
corner of T. 1 N. — R. 1 W., as established on the base Ime, 
thence run north, on a true meridian line, four hundred and eighty 
chains, establishing the mile and half-mile comers thereon, as per 
instructions, to No. 2, (the northwest comer of the same township), 
wherea,t establish the comer of Tpa. 1 and 2 N. — Rs, 1 and 2 
W. ; thence east, on a random or trial line, setting temporary mile 
and baLf-mile states to No. 3, (the northeast comer of the same 
township), where measure and note the distance at which the 
hne intersects the eastern boundary, north or south of the true 
or established corner. Run and measare westward, on tlic true 
line, (taking care to note all the land and water crossings, &c., as 
per instructions), to No. 4, which is identical with No. 2, estabhsh- 
ing the mile and half-nule permanent corhbrs on said line, the 
last half-mile of which will fall short of being forty chfuns, by about 
the amount of the calculated convergency per township, 76 links 
in the case above supposed. Should it ever happen, however, that 
such random hne materially falls short, or overruns in length, or 
interaecte the eastern boundary of the township at any considerable 
distance from the true comer thereon, (either of which would indi- 
cate an important error in the surveying), the lines must be retraced, 
even if found necessary to remeaeure the meridional boundaries of 
the township (especially the western boundary), so as to discover 
and correct the error ; in doing which, the true comers must be 
established and marked, and the false ones destroyed and oblite- 
rated, to prevent confusion in future ; and all the facts must be 
distmctly set forth in the notes. Thence proceed in a similar 
manner north, from No. 4 to No. 5, (the N. W. comer of T. 2 N. 
— R. 1 W.), east from No, 5 to No. 6, (the N, E. comer of the 
same township), west from No. 6 to No. 7, (the same as No. 5), 
north from No. 7 to No. S, (the N. W. comer of T. 3 N., R. 1 W.), 
east from No. 8 to No. 9, (the N. E. comer of same township), and 
thence west to No. 10, (the same as No. 8), or the southwest comer 
T. 4 N. — B. 1 W. Thence north, still on a true meridian line, 
establishing the mile and half-mile comers, until reaching the 
STANDARD PARALLEL Or Correction line, (which is here four town- 
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ships north of the base line); tlirowing the excess over, or defici&ney 
under, four hundred and eighty chains, on the last half-mile, 
according to law, and at the intersection establishing the " closins 
CORNER," the distance of which from the standard comer must be 
measured and noted as required by the instructions. But should 
it ever bo happen that some impassable barrier will have prevented 
or delayed the extension of the standard parallel along and above 
the field of present survey, then the surveyor will plant, in place, 
the corner for the township, subject to correction thereafter, should 
such parallel be extended. 

Townships situated north of the base line, and bast of the 
frindpal meridian. Commence at No. 1, being the southeast 
corner of T. 1 N. — R. 1 E., and proceed as with townships situar 
ted " north and west," except that the random or trial lines will be 
run and measured west, and the true lines, east, throwing the 
excess over or deficiency under four hundred and eighty chains on 
the west end of the line, as required by law ; wherefore, the sur- 
veyor will commence his measurement with' the length of the defi- 
cient or excessive half-section boundary on the west of the town- 
ship, and thus the remaining measurements will all be even miles 
and half-miles. 

Townships situated south of the base line, and 'vvest of ihe 
principal meridian. Commence at No. 1, the northwest comer 
of township 1 S., range 1 W-, and proceed due south in running 
and measuring line, establishing and marking the mile, half-mile, 
and township comers thereon, precisely in the method prescribed 
for running ROETH and west, with the exception that, in order 
to throw the excess or deficiency (over or under four hundred and 
eighty chains) of the western boundaries of such of those townships 
as elose on the standard parallel on the south, upon the most 
northern half-mile of the townships, according to law, the proceed- 
ing will be as follows. 

The western (meridional) boundary line of every township, 
closing on the standard parallel, (being every ff/Jt one in this 
case), will be carefully run south, on a true meridian, until it inter- 
sects the standard, planlang stakes and making distinctive marks 
on hne trees, in sufficient number to serve as guides in afterwards 
retracing the line north with ease and certainty. At the point of 
the line's intersection of the standard, the surveyor will establish 
the " closing" (southwest) comer of the township, noting in his 
field-book ite distance and direction from the "standard comer." 
Then starting from such " closing corner," he will proceed north 
on the line identified by the guide stakes and marks, measuring 
such line, and establishing thereon tho tnile and half-mile stations, 
and noting, as he goes, all the land and water crossings, &e. 
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Townships situated SOUTH of the base line, and bast of the 
^ynndpal meridian. Commence at No. 1, at the northeast corner 
of township 1 S., range 1 E., and proceed precisely as with the 
townships situated "south and weat," except that the random 
lines wOl be run and measured west, and the true lines east; the 
deficiency or excess of the measurements being, as in all other 
eases, thrown upon the most western half-mile of line." 

(563) Ruuuing Section lines. The interior or sectional lines 
of all townships, however situated in reference to the Ease and 
Mbeidian lines, are laid off and surveyed as below. 
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In the above Diagram, the squares and large figures repre- 
sent sections, and the small figures at their comers are those 
referred to in the following directions. 

" Coramence at No. 1, (see small figures on diagram), the cor- 
ner established on the township boundary for sections 1, 2, 35, and 
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36 ; thence run north on a true meridian ; at 40 chajns setting 
the half-mile or quarter-section post, and at 80 chains (No. 2) 
eatabliahing and marking the comer of sections 25. 26, 35, and 36. 
Thence east, on a random line, to So. 3, setting the temporary 
quarter-sec lion post at 40 chains, noting the measureraeat to No, 3. 
and the measured distance of the random's intersection north or 
south of the true or established comer of sections 25, 36, 30, and 
31, on the township boundary. Thence correct, west, on the true 
line to No. 4, setting the quarter-section post on this line exactly 
at the equidistant point, now known, between the section comers 
indicated by the small figures Nos. 3 and 4. Proceed, in like 
manner, from No. 4 to No. 5, 5 to 6, 6 to 7, and so on to No. 16, 
the comer to sections 1, 2, 11, and 12. Thence north, on a ran- 
dom line, to No. 17, setthig a temporary quarter-section post at 40 
chains, noting the length of the whole line, and the measured dis- 
tance of the random's intersection east or west of the true corner 
of sections 1, 2, 35, and 36, established on the township boundary: 
theace souOiwardly from the latter, on a true line, noting the 
course and distance to No. 18, the established corner to sections 
1, 2, 11, and 12, taking care to establish the quartei^seelion 
comer on the true line, at the distance of 40 chains from said sec- 
tion comer, so as to throw the excess or deficiency on the northern 
half-mile, according to law. Proceed in like manner through all 
the interrening liors of sections to No. 73, the comer to sections 
31, 32, 5, and 6 ; thence north, on a true meridian Ime, to No. 
74, establishing the quarter-section comer at 40 chains, and at 80 
chains the comer to sections 29, 30, 31, and 32 ; thence east, on 
a random line to No. 75, setting a temporary quarter-section jjosc 
at 40 chains, noting the measurement to No. 75, and the distance 
of the random's intersection north or south of the established comer 
of sections 28, 29, 32, and 83 ; thence west from said comer, on 
the true line, setting the quarter-section post at the equidistant 
pomt, to No. 76, which is identical with 74 ; thence west, on a 
random line, to No. 77, setting a temporary quarter-section post 
at 40 chains, noting the measurement to No. 77, and the distance 
of the random's intersection with the western boundary, north or 
south of the established comer of sections 25, 36, 30, and 31 ; and 
from No. 77, correct, eastward, on the true line, givingits course, 
but establishing the quarter-section post, on this line, so as to 
retain the distance of 40 chains from the comer of sectiom 29, 
30, 31, and 32 ; thereby throwing '^B.excess or deficiency of mear 
suroment on the most western haif-mile. Proceed nor^, in a simi- 
lar manner, from'No. 78 to 79, 79 to 80, 80 to 81, and so on to 
96, tJie south-east corner of section 6, where having established the 
corner for sections, 5, 6, 7, and 8, run thence, successively, on 
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random line east to 95, norOi to 97, and west to 99 ; and by 
reverse courses eorreot on true lines haok to said south-east comer 
of Bectioa 6, establishing the quarter-section comers, and noting 
the courses, distances, &e., as before described. 

In townships contiguous to standard parallels, the above method 
will be varied as follows. In every township south of the princi- 
pal base line, which doses on a standard parallel, the surveyor will 
begjn at the south-east comer of the township, and measure west on 
the standard, establishing thereon the mile and half-imle comers, 
and noting their distances from the pre-established comers. He 
then will proceed to subdivide, as directed under the above head. 

In the townships hobth of the principal base line, which elose 
on the standard parallel, the sectional lines must be closed on the 
standard by true meridians, instead of by course lines, as directed 
ander the above head for townships olJierwise situated ; and the 
connexions of the closing comers with the pre-established standard 
comers are to be ascertained and noted. Such procedure does 
away with any necessity for running the randoms. But in case 
he is unable to close the Hnes on account of the standard not hav- 
ing been run, from some inevitable necessity, as heretofore men- 
tiond, he Tpill plant a temporary stake, or mound, at the end of the 
sixth mile, thus leaving the lines and their connexions to be finished, 
and the permanent comers to be planted, at such time as the 
standard shall be extended." 

(564) EsceptJOOal metbods. Departures from the general sys- 
tem of subdividing public lands have been authorized by law in 
certiun cases, particularly on water-fronts. 

Thus, an act of Congress, March 3, 1811, authorized the sur- 
veyors of Lousiana, " in surveying and dividing such of the pub- 
Uc lands in the said territory, which are or may be authorized 
to be surveyed and divided, as are adjacent to any river, lake, 
creek, bayou, or water course, to lay out the same into tracts, as 
far as practicable, of fifty-eight poles in front, and four hundred 
and Mxty-five poles in depth, of such shape, and bounded by such 
lines, as the nature of the country will render practicable and moat 
convenient." Another act, of May 24, 1824, authorizes lands 
similarly situated " to be surveyed in tracts of two acres in width, 
fronting on any river, bayou, lake, or water course, and running 
back the depth of forty acres ; which tracts of land, so surveyed, 
shall be ofiered for sale entire, instead of in half-quarter-sections." 

The " Instructions" from which we have quoted say, " In those 
localities where it would best subserve the interests of the peopli^ 
to have fronts on the navigable streams, and to run back into ilio 
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uplands for quantity and timber, the prineiplea of tlie act of May 
24tli, 1824, may be adopted, and you are authorized to enlarge the 
quantity, so as to embrace four acres front by forty in depth, form- 
ing tracts of one hundred and sixty acres. But in so doing it is 
designed only to survey the lines between every four loU, (or 640 
acres), but to establi^ the boundary posts, or mounds, in front 
and in rear, at the distances requisite to secure the quantity of lti< I 
acres to each lot, either rectangularly, when practicable, or at 
oblique angles, when otherwise. The angle is not important, so 
that the principle be maintained, as far as practicable, of making 
the work to square in the rear with the regular sectioning. 

The numbering of aU anomalous lots will commence witii No, 87, 
to avoid the possibility of conffiet with the numbering of the regular 



The act of Sept, 27, 1850, authorized the Department, should 
it deem expedient, to cause the Oregon surveys to be executed 
according to the principles of what is called the "Greodetic Method." 
The complete adoption of this has not been thought to be 
expedient ; but " it was deemed useful to institute on the principal 
base and meridian lines of the public surveys in Oregon, ordered 
to be established by the act referred to, a system of triangulations 
from the recognized legal stations, to all prominent objects within 
the range of the theodolite ; by means of which the relative dis- 
tances of such objects, in respect to those main Imes, and also to 
each other, might be observed, calculated, and protracted, witii 
the view of contributing to the knowledge of the topography of the 
country in advance of Sie progressing linear surveys, and to obtain 
the elements for estimating areas of valleys intervening between 
the spurs of the mountains." 

" Meandering" is a name given to the usual mode of surveying 
with the compass, particularly aa applied to navigable streams. 
The " Instructions" for this are, in part,, as follows. 

" Both banks of navigable rivers are to be meandered by taking 
the courses and distances of their sinuosities, and the same are to 
be entered in the ' Meander field-book.' At those points where 
either the township or section lines intersect the banks of a navi- 
gable stream, posts, or, where necessary, mounds of earth or stone, 
(as noted in Art. (566,)) are to be estabhshed at the time of 
running these lines. Those are called " meander corners ;" and 
in meandering you are to commence at one of those comers on the 
township line, coursing the banks, and measuring the distance of 
each course from your commencing comer to the next ' meandi'i 
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comer,' upon the same or another boundary of the same toivnship ; 
carefully noting your intersection with all intermediate meaiider 
corners. By the same method you are to meander the opposite 
bank of the same river. 

The croasiDg distance between the meander corners, on same 
line, is to be ascertained by triangulation, in order that the river 
may be protracted with entire aceura^iy. The particulars to be 
given in the field-notes. 

The courses and distances on meandered navigable streams, 
govern the calculations wherefrom are ascertained the true areas 
of the tracts of land (sections, quarter sections, &c.) known to the 
law sa fractional, and bounding on such streams." 

You are also to meander, in manner aforesaid, aU lakes and 
deep ponds of the area of twenty-five acres and upwards ; also 
navigable bayous. 

The precise relative position of islands, in a township made 
fractional by the river in which the same are situated, is to be 
determined irigonometricaJly. Sighting to a flag or other fixed 
object on tiie island, from a special and carefuliy measured base 
line, connected with the surveyed lines, on or near the river bank, 
you are to form connexion between the meander cornera on the 
river to points corresponding thereto, in direct line, on the bank 
of the island, and there establish the proper meander corners, and 
calculate the distance across." 

(563) Iflarking Lines. "All lines on which are to be estab- 
lished the legal comer boundaries, are to be marked after this 
method, viz : Those trees which may intercept your line, must 
have two chops or notches cut on each side of them without any 
other marks whatever. These are called ' siglit trees ' or ' line trees ' 

A suflficient number of other tiees stondmg neaicst to your Ime 
on either aide of it, are to be blaze I on two sides dngoniUy or 
quartering towards the iine, in order to render the bne conspicu 
ous, and readily to be traced, thu blazes to be opposite each other, 
coinciding in direction with the hue wheie the trees stand veiy 
near it, and to approach nearei each othei the tuithei the line 
passes from the blazed trees. Due cire mu^t evei be taken to 
have the lines so well marked as to be readily fjllowud 

(566) Marking: Corners. " Aftei a tmo co i=(in)5, and mtst 
exact measurements, the comer toundary is the consummation of 
the work, for which alt the previous pams ind expendituit, haie 
been mcurred. A boundary comer, m a timbered country, is to 
be a tree, if one he found at the precise spot ; and if not, a^josi is 
to be planted thereat ; and the position of the corner post is to bo 
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indicated by treea adjacent, (called Bearing trees) the angular 
bearings and distances of which from the corner are facts to be 
ascertained and registered in your field book. 

In a region where stone abounds, the comer boundary will be a 
small monument of stones aioag side of a single marked stone, for 
a township comer — and a single stone for all other comers. 

In a re^on where timber is not near, nor stone, the corner will 
be a mound of earth, of prescribed size, varying to suit the case. 

Comers are to be fixed, for township boundaries at intervals of 
every ax miles ; for section boundaries at intervals of every mile, 
or 80 chains ; and, for quarter section boundaries at intervals of 
every half mile, or 40 chains. 

Meander Corker Posts are to be planted at all those points 
where the township or section lines intersect the banks of such 
rivers, lakes, or islands, as are by law directed to be meandered," 
as explained in Art. (564), 

When 2}osts are used, their length and size must bo propor- 
tioned to the importance of the comer, whether township, section, 
or qaarter-section, the first being at least 24 inches above ground, 
and 3 inches square. 

Where a township post is a corner common to four ti 



it is to be set in the earth diagonally, thus: w^b, and the cardi- 
nal points of the compass are to be Indicated tliereon by a cross 
line, or wedge, (one-eighth of an inch deep at least), cat or sawed 
out of its top, as in the figure. On each surface of the post is to 
be marked the number of the particular township, and its range, 
wMch it faces. Thus, if the post be a common boundary to four 
townships, say one and two, south of the base line, of range one, 
west of the meridian ; also to townships one and two, south of the 
baseline, of range (jiio, west of the meridian, if; is to be marked thus: 
1 W. J The position of the postwhioh 



From N. to E. < T. 1 S. > is here taken a 

( S. 31 ) shewn in the following diagram. 

2W. 
1 S. 
36 

1 w. ■ 

2S. 
6 

2 W. ■ 

2S. 
\ 



R. 2 W. 

T. 1 S. 




B. 1 W. 

T. 1 S. 




36 


.^'1 


R. 2W 
T. 2S. 


jj 


K. IW. 

T. 2S. 
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These marks are to be distinctly and neatly chiselled into the 
wood, at least the eighth of an inch deep.; and to be also marked 
ivith red chalk. The number of the sections which they respec- 
tively/ace, will also he marked on the township post. 

Section or mile posts, being corners of sections, when they are 
common to four sections, are to be set diagonally in the earth, 
(in the manner provided for township comer posts), and with a 
similar cross cut in the top, to indicate the cardinal points of the 
compass ; and on each side of the squared surfaces is to be marked 
the appropriate number of the particular one of the /owr sections, 
respectively, which such side faces ; also on one side thereof are to 
be marked the numbers of its township and range; and to make 
such marks yet more conspicuous, (in manner aforesaid), a streak 
of red chalk is to be applied. 

In the case of an isolated township, subdivided into thirty-six 
sections, there are twenty-five interior sections, the south-west cor- 
ner boundary of each of which will be common to four sections. 
On all the extreme sides of an isolated township, the outer tiers of 
sections have comers common only to two sections then surveyed. 
The posts, however, must be planted precbely like the former, but 
presendng two vacant surfaces to receive the appropriate marks 
when the adjacent survey may be made. 

A quarter-aeclaon or half-mile post is to have no other mark on 
it than J S., to indicate what it stands for. 

To^vnship corner posts are to be notched with six notches on 
each of the foui- angles of the squared part set to the cardmaj 
points. 

All mile posts on townsMp lines must have as many notches on 
them, on two opposite angles thereof, as they are miles distani 
from the township comers, respectively. Each of the posts at the 
corners of sections in the interior of a township must indicate, by 
a number of notches on each of its four corners directed to the 
cardmal points, the corresponding number of miles that it stands 
from the ovilines of the toivnship. The four sides of the post will 
indicate the number of the section they respectively /«ce. Should 
a tree be found at the place of any comer, it will be marked and 
notched, as aforesaid, and answer for the comer in lieu of a post; 
the kind of tree and its diameter being given in the field-notes. 

The position of all comer post^, or corner trees of whatever 
description, which may be established, is to be perpetuated in the 
followmg manner, viz : From such post or tree the courses shall be 
taken, and the distances measured, to two or more adjacent trees, 
in opposite directions, as nearly as may be, which are called 
■ " vring trees' and are to be blazed near the ground, with a large 
facing the post, and having one notch in it, neatly and plainly 
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mado with an axe, square across, and a little below the middle ot 
the blaae. The kind of tree and the diameter of each are facts to 
he distinctly set fortii in the field-book. 

On each bearing tree the letters B. T,, must be distinctly cut 
into the wood, in the bhize, a little above the notch, or on the bark, 
with the number of the range, township, and section. 

At all township corners, and at all section comers, on range or 
township lines, /oM?* bearing trees are to be marked in this manner, 
one in each of the adjoining sections. 

At interior section comers four trees, one to stand within each 
of the four sections to which such comer is common, are to be 
marked in manner aforesaid, if such be found. 

From quarter section and meander comers two bearing trees 
are to be marked, one within each of the adjoining sections. 

Stones at township comers (a small monument of stones being 
alongside thereof} must have six notches cut with a pick or chisel 
on each edge or side towards the cardinal points ; and where used 
as section corners on the range and township lines, or as section 
comers in the interior of a township, they will also be notched by 
a pick or chisel, to correspond with the directjons given for notch- 
ing posts similarly situated. 

Stones, when used as quartci'-ojction corners, will have \ cut 
on them ; on the west side on north and south lines, and on the 
north side on east and west lines. 

Whenever bearing trees are not found, mounds of earth, or 
stone, are to' be raised wound posts on which the comers are to 
be marked in the manner aforesaid. Wherever a mound of earth 
is adopted, the same will present a conical shape ; but at its base, 
on the earth's surface, a quadrangulm- trenek wilt be dug ; a spade 
deep of earth being thrown up from the four sides of the line, oitf- 
side the trench, so as to form a coTiiinuous elevation along its outer 
edge. In mounds of earth, common to/owr townships or U>four 
sections, they will present the angles of the quadrangular trench 
(diagonally) towards the cardinal points. In mounds common 
only to two townships or two sections, the sides of the quadrangulai- 
trench will /ace the cardinal points. 

Prior to piling up the earth to construct a mound, in a c(xoity 
formed at the comer boundary poinfis to be deposited a stone, or 
a portion of charcoal, or a charred stake ^ to be driven twelve 
inches down into such centre point, to be a witness for the future. 
The surveyor is farther specially enjoined to plant midway 
between each pit and the trench, seeds of some tree, those of fruit 
trees adapted to the climate being always to be preferred." 

Double corners are to be found nowhere except on the Standard 
Parallels or Correction lines, whereon are to appear both the cor- 
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ners wliicli mark the iiifceraections of the lines wliioh close thereon, 
and those from wliicli the surveys start in the opposite direction. 

The comers which are established on the standard parallel, at 
the time of runniag it, are to be known as ' Standard Comers,' 
and, in addition to all the ordinary marks, (as herein prescribed), 
thej will be marked with the letters S. C. The ' closing comers' 
will be marked C. C." 

(567) Field Books* There should be several distinct and sepa- 
rate field-hooks ; viz. : 

" 1. Field-notes of the mekidian and base lines, showing the 
establishment of the tovmskip, section or mile, and quart&r-aecti&n 
or half-mile, boundary, coraers thereon; with the crcssinga of 
ines, hills, and mountains ; character of soil, limber, 
1, kc. These notes will be arranged, in series, by mile 
', from number one to number . 

2. Field-notes of the ' stanbaed p.uiallels, or correction 
lines,' showing the establishment of the township, section, and 
quarter-section comers, besides exhibiting the topography of the 
country on line, as required on the base and meridian lines. 

3. Field-notes of the bxtbeiok lines of townships, showing the 
establishment of the corners on line,and the topography, as aforesdd. 

4. Field notes of the auBDivisioss of townships into sections 
and quartei-^ections ; at the close whereof will follow the not-es of 
the MEANDBES of navigable streams. These notes will also show, 
by ocular observation, the estimated rise and fall of the land on 
the line. A description of the timber, undergrowth, surface, soil, 
Mid minerals, upon each section line, is to follow the notes thereof, 
and not to be mixed np with them." 

5. The "Geodetic FJeld-book," comprising all triangulations, 
angles of elevation and depression, levelling, &c. 

The examples on tho next two pages, taken from the " Ins ; - 
tions" which we have followed throughout, will shew what is 
required. 

The asoenia and descents are recorded in the right-liand columns. 
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i^Ohs. Iks. 
East 



HEM) NOTES OP 
THE EXTERIOR LINES 

OF AH ISOLATED TOWNSHIP. 



/ the Survey 0/ township 25 north, of range 2 w^st, of the Wi 
Mtlie Territory of ORioav. by Robert Acres, depuhj siirvei/or, u 
1. 1, iiearmg date Ihe 2d day of JaaKory, 18^1. 

rowiismi' LisEs corameiiced January 20, I8al. 

SoiilhevQ bounilaiy variatiou IS" 41' E- 

Dn B random line on the Boalh boumlnries of Bectious 31, 32, 
33, 34, 33, and 36. Bet temporary mile and hiilf-niile puers, 
an J iiitei'sected (be easterii bouudaiy 2 chains 20 links uorlb 
of the tiiie corner 5 miles 74 chahia 53 links. 

riiei-efore the correction will be 5 ehaii.5 47 lints W. 37. 
links S. per mile. 



OnthoEoutheriiboundar);ofsec. 36, Jan. 24, 1831. 
;t qr. Bac. post from which 
a beech 24 in. dia. beai-a N. 11 E. 38 llta. dial 
a do !) do ■ " 
a brook 3 I. wide, m 
it post cor. of sees. 3£ 



18° 41' I 



do 8. 9E. 17 do 



a W. oak 10 

a B. oak 14 

Land level , pari 

ckory, &c. 



and s 



mpy; 



Ou tliB S. bouudory of sec. SS-— 
Set qr. sec piist, with tiencb, from which 
a beech 6 in. dia. beai-s N. 80 E. 8 l dist. 
planted 8W. a. yellow locust seed. 

To beginning of hill 

Set post, witli trench, cor. of sees. 34 & 35. 2 & 3, frci 
'leecfi 10 in. dia. bears 8. 51 E. 13 1, dist. 
do 10 do do N. 56 W. 9 do 
mtcd SVV. a white oak acorn, 
NE. a. beech unl. 



Oh the 8. boundary of sec 34— 

Set qr. sec poat, with trench, from vvliich 

a B. oak 10 in. dia. bears N. 2 B. S35 I. djst. 

Planted SW. a beech oat. 
To comer of flections 33, 34, 3 and 4, diove charred s 

riiised mound with trench as per instructions, and 

Planted NB. a W. oak ac'n ; NW. a yel. locust seed. 

SB. a butternnt ; SW. a beech not. 

Liind level, rich and good for farming, soine scatterinf 



&c.. &c„ 



Hosted by 



Google 



p. S. PFBLIC LMDS. pi 

FIELD NOTES OF THE 

SUBDIVISIONAL OR SECTIONAL LINES, 

AND MEANDERS, 



Chs. l]is. 

North. 
9.19 
39.97 



Township 25 N., Range 2 W., WiUaml 



immeiiced February 1, 1851. 

A beech 30 in. dia 

A beech 30 in. dia 

Set qr. sec post, from which 

a beecb 15 in. dia. bears 6. 48 B. 13 I. diat, 

a do 8 do do N. 23 W. 45 do 

beech 18 in. dia 

sugar 30 in, Jia 

it a post cor. of sees. H5, 26, 35, 36, from which 

a beech 24 in. dia. beans N. 62 W. 17 1. diat. 

a poplar 36 do do S. 66 B. 34 do. 

a do 20 do do S. 70 W. 50 do. 

B beech 28 do do N. 60 E. 45 do. 

ind level, second rate ; limber beech, poplar, sug 

und'gr. spice, &c. 
On random line between sees. 25 and 36 — 

brook 30 1. wide, course N 

To foot of hill 

temporary qr. sec. post 

To opposite foot of hill 

A bi'ook 15 1. wide, conrae N - 

Intersect B, boundBry at post 

Land level, second I'ate ; timber, beech, oah, ash, &c. 



&c. 



Meanders of Chickbeles River. 



Ooursea 


Ciis. lits 


„.„.HKB. 


8.76 W 


18,46 


En section 4 b 


Bring to corner sec. 4 on right bank N. 70 


W 








sec. 4 and 5, right bank N, 53" W. 




S. 61 W 


8.18 




between sections 4 and 5, bieadlh of rive 


hv 




10.69 




9 chains 51 links. 




S. 54 W 








8,40 W 


5,59 








S. 50 W 


8,46 








S. 37 W 


16,50 


To upper com 


er of John Smith's claim, course B. 






21,96 








S. 36 W 


27.53 


To post in lin 
triaiis'ilalio 


between sections 5 and 8, breadth of rive 
8 chains 78 links. 


i>y 






&c,, &c,, Sic. 
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APPENDIX A. 



SYNOPSIS OF PIAHE IKIOONOMEIEY.* 

(1) DelJllitiOll. Plana TrigononiGtry is tliat branch of Mafhematioal 
Sdence which treats of the relations between the sides and angles of plane Irian- 
glea. It teaches how to And any three of these eix parte, when the oiher three 



■e given ai 



■c of then 



, at least, la a, aide. 



(2) Angles amd Arcs. The angks of a triangle are measured by the 
oi'cs described, with anj radiue, from the aagular points aa cantreB, and intercepted 
between the legs of the angles. These arcs are measured by comparing them with 
an entire circumference, described with the eame radius. Every circumference ia 
regarded as being divided into 360 equal parts, called degrees. Each degree is di- 
vided into 60 equal parts, called minutes, and each minute into 60 eecotida. These 
divJaioiiH are indicated by the marks ° ' ". Thus 28 degrees, 17 minutes, and 49 
seconds, are written 28° 17' 49'. Fractions of a second are bast expressed deci- 
mally. An arc, including a quarter of a circumference and measuring a right 
angle, is tlierefore SO". A Bemiciccumferanca comprises 180". It is often Tepre- 
santedby I-, which equals 3.14159, &0., or S\ approsimately, the radius being unity. 

The length of 1° in parteof radiu3 = 0.01745329 ; that of 1'= 0.00029089 ; and 
that of 1"= 0.00000485. 

The length of the radius of a circle in degrees, or seofhs of the circumference 
= 57°.29578 = 57° 17' 24".a = 3437'.747 = 206a64".8.t 

An arc may be regarded as generated by a point, M, 
moving from an origin. A, around a circle, in the direction 
of the arrow. The point may thus describe arcs of any 
lengths, auoh aa AM ; AB = 90° = ^ « ; ABC = 180° = " ; 
ABCD = 370° = f IT ; ABCDA = 360° = 2 ir. 

The point may still continue its motion, and generate 
arcs greater tlian a eireumferenec, or than two eirciim- 
ferences, or than three ; or even infinite in length 

While the point, M, describes these arcs, the radius, 
OM, indefinitely produce d, generates corresponding angles. 



Fig. Sfll. 




• Fori 



rely solving Irisnglea, only Ai 



:a tlivlded by tho leogth of Ihi 



m, (?% (8). (5), (0), (10), (11), ana (12), uro needed. 
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K the point, M, should move from the origin, A, in tlie contrary direction to ita 
former movement, tlie area generateii by it are regarded as negative, or mintm ; 
and 80 too, of Decessity, the angles measured by tbe arcs. 

Arc3 and angles may therefore vary in lengtli from to + so in one direction, 
and from to — a> in the contrary direction. 

The Gomplement ot an arc is the are which would romain after subtracUng tlie 
are from a quarter of the circumference, or from 90°. If ihe arc be more tlian 90°, 
its complement is necessarily negative. 

The Suppletitent of an are is wha-t would remain after subtracting it from half 
tiie oirouioferenee, or from 180°. If the arc be more than 180°, its supplement 




(S) Trigonoilietrical Lines. The relationa of the sides of a triangle 
to its angles are what is required ; but it is more convenient to replace the angles 
by arcs ; and, once more, to replace the arcs by certain sti'aight lines depending 
upon them, and increasing and decreasing with them, or conversely, iu snch a, way 
that the length of the lines can be found from that of the arcs, and vice versii. It 
is with these lines that the sides of a triangle are compared.* These lines are 
called Trigoaoinetrieal Lines ; or Ctranlar Fttticlions, becnaae their length is a func- 
tion of that of tlie circular ares. The principal Trigonometrical lines are Sines, 
Tangents, and Secants. Chorda and versed ^nes are also used. 

The SINE of an ari^ AM, is tlie perpendicular, 
MP, let fall, from one extremity of the are, upon Fig, 393. 

the diameter which passes through the other es- 
Iremity. 

The TANGENT of an arc, AM, is the distance, 
AT, intercepted, on the tangent drawn at one 
extremity of tbe arc, between that extremity 
and the prolongation of the radius irhich passes 
through the other exti'emity. 

The SECANT ot an arc, AM, is the part^ OT, 
of the prolonged radius, comprised between the 
centre and the tangent. 

The sine, tangent, and secant of the complement of an tire arc called the Co- 
bibb, Co-TANasMT, and Co-skoaki of that arc. Thus, MQ is the cosine of AM, US 
its cotangent, and OS its cosecant. Tlie cosine MQ is equal to OP, the part of the 
radius comprised between the centre and the foot of the ^ne. 

The chord of an arc is equa! to twice the sine of half that arc. 

The versed-sine of an arc, AM, is the distance, AP, comprised between the origin 
of the arc and the foot of the sine. It is consequently equal to the diifetenoe be- 
tween the radius and the rine. 

The Trigonometrical lines are usually written in an abbreviated form. Calling . 
the arc AM = a, we write, 

MP = sin.o. AT = tan. a. OT = soc. a, 

MCi = cos,o. B3 = cot, a, 03 — coseca. 

The period after sin,, tan., Ac, indicating abbreviation, ia frequently omitted. 

The arcs whose sines, tangents, Ae., are equal to a line =ci, are written, 

tan.^' a, or arc (tan.J= a) ■ &0. 

iS of triangles, aco 
Comt 



Hosted by 



Google 



A.] 



TIiIC9K0IMETR¥, 



{1) The liMCS HS i-alims. The ratios 
betweBn tlie trigonomutrical lines and tlie radioa 
are Hie same for tha aamu angles, or namber of 
tiegreea b aa arc, whafeyer the length of the m- 
iliuH OP ara Consequently, radlug being unity, 
these lines mny bo expressed as simple ratios. 
Thus, in the rJgiit-angled triangle ABC, we 
would have 

. , _ BC _ opposite side 
"° AB~ hypofhenuse' ™* 

BO opposite side 

t«n.A = --= = — ^? —T^. cot. A 

AC adjacent side 

, AB hypotlienuso 
see. A = -rTi = "^^^ — ■ . , ■, coscc, A 

AC adjacaiit side 




A0_ Bdjaoent side 
AB lijijothenuse ' 

AC adjacent side 

BC opposite side ' 

AB hypothenuse 

opposite side' 



BO 



When the radius of the arcs which miiasiire the angles is unity, tbese ratios may 
ba used for the lines. If the radius be any olher length, the results which have 
been obtained by tha above suppoation, most be modified by dividing each of the 
trigoaometrical lines in fie result by radius, and thus rendering tlie equations of 
the results "liomogeneons." The same eifeot would be produced by multiplying 
each term in the cspression by such a power of radius aa would malie it contain a 
immber of linear factors equal to the greatest number in any term. The radius 
is naually represented by r, or R. 

(a) Tiaeir vaiislioms in length. As tlie point M moves around 
the eirola, and the ore tlius increases, the sines, tangenU, and sticants, stai-fjng 






; till, when the 



d at 8, and the 
become 90°,the sine has beoomo equal to 
radius, or anity, and the tangent and se- 
cant liHve beoomo infinite. The corapie- 
montary lines have deeracsed ; the co- 
sine being equal to radius or unity at 
starling and baooming zero, and the co- 
tangent and ccaacant piissiDg from infin- 
ity to zero. 'When the point M baa 
passed the iii'st quadrant at B and is 
proceeding towards C, the sines, tan- 
gents, and sacanta be^n to decrease, till, 
when the point has reached C, they have 
the same values as at A. They then begi 
Table on page 382 kdioat«s tbese variations 

The sines and tangents of very small arcs 
Ijonal to the arcs themselves ; so tiiat for a 
similarly, though less aceurnt^ily, for sin. a'. 

The sines and tangents of very small ares 
of Hie same length as the srcs themselves.* 



\,^ 






I 


\ 




V 


X 








\ 


Q' At 

— ^' 


t' 



y write a. sin. 1'. 
irailjrly ba regarded ai 



onWj, tha no 



being nolly, fa cqnal 
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(.5236)' (.6236)' 
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a being the length of any arc expressed in piii-ts of riiiiius, the lengths of its sine 
and cosine may he oblained by the following series : 

sin. a = a — + -^- 1 1, eti> 

a. 3 ' 2.3.4.5 2. 8. ...7 ^' 

Let it be required to find cos. SO", by the above seriea 
o ISO 

becomes, taking only three terms of it, 

. , 0.131018 + 0.0031SO — .886052 ; 

which IB the correct value of eos. S0° for the first four places of decimals. 

The lengths of the other lines can be obtained fi'om tbe mutual relations given 
ii) Art (t.) Some particular values are given below. 

Bin. 30°:^i sin. 45" = ^S- sin. C0° = JV3. 

tan. 3C° = 'v''! fan. 45° = 1. tan. 60° = v'3. 

ecc '0° = VS eec. 45° = ^2. sec 60" = 3. 

(6) Their changes of sign. Lines measured in contrary directions 
from a common or g n usually leceive contrary algebraic eigna. If then all the 
lines in tho first qi adrant u-e called podtive, their signs will change in some of 
the other qnad ants Thus the littes in the first qoadrant being all measured up- 
ward, when they arc measured downward, as they arc in the thu-d and fourth 
quadrants, they wUl be negative. The cosines in the first quadrant are meas- 
□red from left to riglit, and when they are measured from right to left, aa in the 
second and thu'd quadrants, they will be negative. The tangents and secants fol- 
low similar rules. 

Tbe vai'iatioDS in length and the changes of sign are all indicated in the follow- 
ing table, radius being unity. The terms " increasing" and " decreasing'* apply to 
tho lengths of the lines without any reference to their signs. 



Lengths and Signs of the 



•.al Lines for Arcs from 0° k 



AtCB. 


00 


BeLwee.C«.naflO=. 


90O 


Between flOO and laoo. 


130= 


Sine . . 







h, and increasing. 


+ 1 


+, and decreasing, 





Tangent . 







■, and increasing. 


+ " 


— , and decreasing. 







+1 






+ » 


— , and decreasing, 


-1 




+ 1 




', and decreasing. 







-1 








■, and decreasing, 






:F« 


Cosecant . . 


±" 




h, and decreasing. 


+ 1 


-{-, and inctreasii^, 


±« 



Arc. 


mo 


Set™^nlSOa.n.noo. 


.70= 


Between 27(F und 360°. 


300O 







— , and increasing, 


-1 


— , and dcereaatng. 










-;-, and inoreasmg. 


+ « 


— , and decreasing. 





Secant . 




— , and mcreasing, 


+ CO 


+, and decreasmg, 













-I-, and increasing, 




Cotangent . 


+» 


+, and decreasing. 





— , and increasing. 




Cosecant . . 


±« 


— , and decreasmg, 






:F«, 
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TRIGONOIHETRV. 



From this table, and Fig, 400, we e<-e i 
same sine ; and that their tangecln seta 
length but of contrary ^goa; while the 

We also deduce froei the figure the following eonoeqaeQcee 



and its mpplement have the 
and cotangents are of equal 
in the ssjne in both length 



tan,(a''+iao°) = tan.o°. 

6ea{«°+180°)=-8eo.a'' 

sin. (-a^)=-^ii. a° 



(»H 18( 
K+ 18( 
K+ 181 



(— °) = 



e trigonometrical lince ; for, an arc a 
: arc plus two circumferenceB, and ac 



An infinite nnraber of arcs liave the f 
the same aio plus a circumferenee, the ai 
on, would hare the same sine, &c 

" To bring back to the firat quadrant" the trigonomettical linea of anj large arc, 
proceed thus : Let 1029° be an arc the sine of which is desired. Take from it aa 
many times S80° aa possible. The remainder will be S09°. Then wa shall have 
Bin.309°=3Jti.(180°— 809'')=siii- — 129°=- md. 129"=- eiQ,(I80° — 129'')=:~BiQ.51°. 

(T) Tlieir mutual relations. Radius being unity, 






tan. i^'Xeot. a" = 1. (sin, a")' + (cos. a")' = 

1 + (tan. ay = (aee. a^. 1 + (cot. a")' = (cose, 

my one of the trigonometrieal lines being given, tbe 
of these equations. 



(8) Two arcs. Let a and b repreai 
Then the following formulas apply : 

Bin.(o + 6) = siu.a.cc 
sin.(i<-6) = sin.a.c, 
C0s.(a + i) = cos.a,C( 
0O5.(a-6)=cos.«.c 

tan.(a + i) = i^l^ 

-(-«=,?^ 

cot. (o-6) = ^^^ 



any f 



be foaod 
being the greater. 
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= i- 


oe,(o-S)-i 


Ol(. + J). 




oi(. + 5) + l 


...(»-i). 


= i- 


n.(a + S) + * 


o,(.-J). 


= l,«n.(.+ J)-l 


t.(.-i). 


=as 


0. *(.+ »).,. 


»(«-»). 




«i(. + 4)o.. 


«•-»). 


= 26 


..I (.-5) 00. 


i {« + *). 


=^ 


n. i(«-6)sin 


*(« + *)■ 


_siQ 


{a- 6) 






a. CO.. 6' 




= iii 


(« + &) 




J2 


(«-') 





(9) Dou&Se and Baalf s&rcs. Letting a r<;prei 
we b&ve the following fovmulaa : 



_ (cot, a)' .- 1 _ 






cot 4 a 






(10) TrigoaoraeSric:!^! TabScs^ lu the usual tnbles of the natural 
Trigonometiioal lines, the degreea from 0° to 45° are found at the top of the table, 
and those from 48° to 90° at the bottom ; tbs latter being complamenta of the 
former. Conaeq^uently, the columns wliioh Lave Sine and Tanffent at top liaTO 
Cosine and OolanffeTtt at bottom, aince the ooBina or eotHCgeut of any n^-i: h the 
same thing as the sine or tangent of its oomplenient. The miaiitea to ho added 
to the degrees are found m the left-hand column, 'whea the cntaber of degrees at 
the top of the page are used, and in the right-iiand' column for iha degrees when 
at the bottom of the page. The lines for area intermediate between those in the 
tables are found by proportion. The lines are calculated for a mdiua equal unity. 
Henee, the values of the sines and cosines ai'a decimal fractions, thongh the point 
is usually omitted. So too are the tangeats from 0° to 46°, and the cotangenfs 
from OO" to 4B°. Beyond those points they are integers and decimals. 

The calculations, like all others iuTolying large numbers, are ehorteued by the 
U8e of li^arithma, which anbstitate addition and subtraction for multiplication and 
division ; hut the young student should avoid Hie frequent error of regarding loga 
rithms as a necessary pai't of trigonometry. 
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TRICONOMETRT. 



SOLUTION OF TRIANGLES. 



Let 



(ll) Klglit-anglcd OTriansIcs. 

ABC he any right-angled triangle. Denoto tbe 
sidea opposite the angles bj the corresponding Binall 
letters. Then any one aide and one acute angle, or 
any two eiiea being given, the other parta can be ob- 
tained by one of the following equatiooa : 




Given. 


Eequirei 


r„r.„i^ 


a. b 


^, A, B 


c^^(o.-' + b'}; tiiu. A = ^ ; oof. B = ^, 


a,c 


b. A, B 


b=^(c'-a');,u,.A = j; eoa.B = ^ 


n, A 


i, c. B 


6 = « . eot- A ; c = -r-^ ; B = 30" — A. 


b,K 


o, c, B 


o = &.tan.A; c — -; 6 = 90" — A. 


c, A 


a, 6, a 


«= = .ai..A;6=c0o..A;B = D0=-A, 




(13) Oblique-angled Triau- 

gles. Let ABC be any oblique-angled 
triangle, the anglea and sides being noted 
aa in the figure. Then any three of its eix 
paris being given, and one of them, being a 
aide, the other parts Can be obtained by one 
of the following methods, whieli ai'e found- 
ed on these three tbeorems. 

Theorem L — In ever;/ plane triangle, tlie sines of the anffUs arc to each oilier of 
the opposite aides. 

ThEOKem JL— 7n every plane triangle, the mm of two sides is to their difference 
ai ike tangent of half the sum of the angles opposite those iiidei is to the tangent of 
hdf thtir difference. 

Thbobsm IIL — In every plane triangle, the eostne of any angle is equal to a frac- 
tion whose n-awerator is the mm of the squares of the sides a^aeent to the angle, mi- 
nus the square of the side opposite to the angle, and vifmse denominator is taiee the 
prodaei of the sides adjacent to the angle. 

All the cases for solution which can oconr, may be leduoed to four. 



Case 1. — Given a side c 



ing the 81 



1 of the I 



obtained by Theore 
Calling tlic given : 



ungles. The third angle la obtained by subtract- 
vo given angles from ISO". Then either unknown side can be 
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Case 2, — Oisen (lo sidfs and an angle opposite one of ihfm. Tlie angle oppo- 
site the other givBn aide is found by Theorem I, The third angle is obtained by 
sabtracting the sum of tbe other two from 180°. The remaining dde ia then ob- 
tuned by Theorem I. 

Calling tbegiTea sides a and S, and the given angle A, wo have eiq. B = ein. A.—. 

Since an angle and ita supplement have the same sine, the result is ambiguous ; 
for the angle B may have either of tho two Euppleroentary values indicated by 
the sine, if S > a, and A ia an acate angle. 

= 180° — (A + B). e = sin.C-^-^. 

Case B. — Given two sides and their inehided angle. Applying Theorem 11. (ois- 
taining the sum of the angles opposite the given sides by subtracting the given 
included angle from 180°), ■we obtain the difference of the unknown angles. Add- 
ing this to their sum we obtain the greater angle, and subfracling it from tJieir 
sum we get the less. Then llieorom L will give the remaining aide- 
Calling the given sides a and b, and the included angle C, we have 
A+B = 180°— 0. Then 

tan. 4 (A - B) = tan. J (A + E) . ^J. 
i(A + B) + ^(A-B) = A. 4(A + B)-i(A-B) = B. « = «^- 

In the first equation cot. ^ C may be used in the place of tan. |^ (A + B). 

Cask 4. — Oiven, tlie three sides. Let e represent halt the sum of the three sides 
= i {" + 6 + *)■ Then noy angle, as A, may be obtained from cither of th« fol- 
lowing formulas, founded on Theorem III. : 






sin. A = 3. 

The first formula should be used when A < 90°, and the second when A > 00°. 
The third should not be used when A is nearly ISO" ; nor (he fourth wlien A is 
nearly 90° ; nor the fifth when A is very small. The third is the most ci 
when all the angles are required. 
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APPENDIX B. 



DEMONSTEATIONS OF PEOBLEMS, ETC. 

Many of the probloma, Ac, contained in the preceding pages, rec[uire DemonBtra- 
tions. These will be giren here, and will be designated by the same nnmbera rs 
those of the Articles to which the j refer. 

Ab many of these Demonstrations invohe the beautiful Theory ot TrBUBversalB, 
Ac, which has not yet found its way into our Geometries, a condensed Bummary 
of its principal Theorems will first be giTen. 

TKANSVEESALS. 

Theokem I. — If a straight line be draviH soaa to cvt any two si4es of a triangle, 

and the third side prolonged, tJius dividing them info six parts (t!ie prolonged aide 

and its prolongation being two of the parts), that icill the product of any three of 

those parts, whose extremities are not contiguous, equal the product of the other three 

That is, in Fig. i03, ABO being the triangle, and Fig. «3. 

DF the TransTcrflal, BExADXCF^=EAxDCxBF, 

To prove this, from B draw EG, parallel to CA. 
From the similar triangles BEO and AED, v 
BG ; BE : : AD ; AE. From tJie aioilar t 
BFG and OFD, we have CD : CF : : B( 
Multiplying these proporUons t<^ether, n 
BGXCD:BEXCF:;ADXBG : AExBP. Molii- 
plying extremes and means, and Buppreesing the con 
BEXADXCF = EAXDCXBF. 

These eis parts are sometimes said to be iii involutio', 

If the Transversal passes entirely out- 
side of tbe triangle, and cuts the prolonga- 
tions of all three sides, as in Fig. 404, the 
tiieorem eUU holds good. The same dem- 
onstration applies without any ohange,* 

Theobem: II.— Conyevsely r If three points 
be taken on two sides of a triaJigle, and on 
tite third side prolonged, or on. ths prolon- 
gations of (he three sides, dividing them 
into six parts, such that the product of 
three noit-conseeutive parts equals the prod- 
uetofthe other three parts ; then will these three points lie 

■"■ — ia proved by a Reductio ad absurdum. 




1 factor BG, ■ 



rig, 4tlt 




This Theorem is 



•aigkt line. 



* Tbla TheoreK 



polygons. 
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388 TRANSVERSALS. 

Theorem UL— If from the mmmits of a tniatgle, tines 
be dratDO, to a pmnt tituated either tuitAin or witkaat the 
triangU, and prolonged to meet the sidea of the triangle, 
or their prolongations, thus dividing them into six parts ; 
then will the product of any three non-eanseeulive parts be 
eqiKd to the product of the other three pairta. 

That is, in Fig. 40B, or Pig. 406, 

AB X BF X CD = EB X FC X DA. rig 

For, tha triangla ABF being cut by 
the transTei'Bal EO, gives the relation 
(Theorem L), 
AEXBCXFP = EBXFCXPA. 

The trisngle ACF, being cut by the 
ti'anaversal DE, gives 

DC X FB X PA = AD X CB X FP. / ,--''' "'~-^'i. 

f ' " 

Multiplying thene equntioas together, 

unJ Buppreaaing the common factors 

PA, CB, and FP, we have AE X BF X CD =EB X FO X DA. 

TuEOKEK IT.— Converflely : If three points are silwaled on the three sides of a tri- 
angle, or on l/ieirprolonffations {either one, or three, of these points being on the sides), 
so that tliey divide these lines in suck a luay that the produet of any three non-con- 
teaaive parts equals the product of tlie other three parts, then vnll lines draam from 
these points to the oppoiite angles meet in the same point. 

This Theorem can be demonstrated by a Rediietio ad absurdum. 




COROLLARIES ( 



; PRKCK1)IN& 



Oott, l.—The MEDIANS 0/ a triangle (L e., tha Unes drawn from its Bummita to 
tbe middles of the opposite sides) meet in the samepotnt. 

For, supposing, ia,Fig. 405, the points D, E, and F to be tbe middles of the sides, 
tlie products of thS^ion-oonsaiiutive parts mill be equal, i. e., AExBF X.CD = 
DAXEBXFC; sinuqJAE =s.SB,- BF = FO, CD = DA. Then Theorem IV. applies. 

Con. 2.— The EISSECTKIofes of a tnangle (i. 0., the lines bisecting its angles) 
meet in the aamt point. 



For, in Fig. 405^'mpposing, the lines AF, BD, CE to be Bisseotriw 
(LegendrelT. 17): 



s liave 



F : FC : : AB ; AC, 1 
D : pA : : BC : BA, [ 
.E:'EB;: CA:GB, ) 



f BF X AC ^ FG X AB, 
] CDxBA^iDAxBC, 
( AEXCB = EBXCA. 



Multiplying these equations tpgetber,.and omitting the comtnon factors, we have 
EF X CD X AE = FC X DA X ER Then Theorem IV. applies. 
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Cor. S.—Tlie ALTITUDES 0/ triangle {i. e., the lines drown from ita Bummita 
perpendicular to the opposite eides) meet in, the same point 

For, in Fig. 406, supposing the lines AF, BD, and OS, to be Altitudes, we have 
three pairs of eimilar triangles, BCD and FCA, OAE and DAB, ABF and EEC. by 
comparing which we obtain relations from which it is easy to deduce BFxODxAE 
= EB XFC X DA ; and lien Theorem IV. ag^n appliee. 

OoB. i.—Jf, in Fig. 405, or Fig. 406, the point F he taken in ike middle of BC, 
ihett will the line ED be parallel to BO. 

For, since BF = FO, the equation ofTheorem III. reduces to AE X CD^EB X DA ; 
whence AE : EB : ; AD : DC ; consequently ED is parallel to BC. 

Cob. 5.— Conversely : If ED he parallel to BO, then is EF = FC. 

For, since AE : EB : : AD : DC, we have AE X DC = EB X AD ; whence, in the 
equation of Theorem III., we must have BF = FC. 

Cob. 6. — From the preceding Corollary, we derive the following ; 

^ luio sides of a triangle ars ditiided proportionall}/, ^-^ ^ 

sStrtingfrom the same summit, as A, and lines are drawn A 

from the extremilies of the third tide to Iht peintt of divi- /l\ 

sion, the intersections of the eorre^onding lines will all lie / j \ 

en the same straight line joining the summit A, and the / \(''' \ 

miMe of the base. //^^^^^C\ 

CoK. 7. — A particular ease of the preceding corollary y^i^£:r!!\/ JiiXA 
UtU.: f" IT' -'-« 

In, any trapezoid, the straig/il line which joins the inter- 
section of the diagonals and the point of meeting of the non-parallel sides produced, 
passes through the middle of tlie two parallel bases. 

Cob. S. — j^the three lines drawn through the corresponding summits of two triaiir 
gles cjd each other in the same point, then the three points in which the correspmtding 
aides, produeed if necessary, will meet, are situated in the same straight tine. 

This corollary may be otherwise eaonoiated, thus ; 

^ two triartgles have their swnmits siltiated, two and two, on three lines which 
meet in the same point, then, i&e. 

This is proved by obtaining by Theorem I. three equations, which, being multi- 
plied together, and the eis. common factors cancelled, give an equation to which 
Theorem II. applies. 

Triangles thus situated are called homologic ; the common point of meeting of 
the lines passing through their summits is called the oenire of Iwmology ; and the 
line on which the sides meet, the axis of homology. 
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HAEMOHIO DIVISION. 

DEFiNiTioNfi. — A Etraiglit line, AB, ia aaid to Ftg- 403. 

be harmomcallt) divided at the points C and D, I 1 ] 1 

wten these pointa determine two additive seg- C E 1} 

menta, AC, EO, and two subtractive BegmentB, AD, BD, proportional to oiie an- 
oOier ; bo ttat AC : BC : : AD : BD. It will be seen that AC must be more than 
BO, einoe AD is more than BD » 

jHiiB relation may be otherwise expressed, thus; the product of the ■wJiola line 
by the middle part equals the product of the extreme parts. 

Reciprocally, the line DC is harmoQieally divided at the points B and A ; since 
the preceding proportion may be written DB : CB : : DA : CA. 

The four points, A, B, C, D, are called harmonica. The points C and D are called 
Ao/momV (nmjugates. So are the points A and £. 

When a straight line, as AB, is divided harmonically, its half ia a moan propiir- 
tionol between the distance &om the middle of the line to the two points, C andD, 
wLieh divide it harmonically. 

It, from any point, 0, lioea be drawn bo as to ^'E- *19. 

divide a line harmoaioally, tliese lines are called 
an hamumic peticil. The four linea which com- 
pose it, OA, OO, OB, OD, in the figure, are 
called ita radii, and the pairs which pass through 
the conjugate points are called eonjugaU radii. 

Theoeeh V. — In any hamuiiiie pencil, a line drawn parallel to any one of the 
radii, is divided hy the three other radii into two egtial parts. 

Let EF be the line, drawn parallel to Flj(. 4li). 

OA. Through B draw GH, also parallel 
to OA. We have, 

GB:OAi:BD;AD; and 

EH:OA::EG ; AC. 

But, by hypothesis, AC : BO : ; AD : BD. 

Hence, the first two proportions redace to 

GB = BH; and consequently, EK = KF. 

The Heciprocal is also true ; L e., 

Jf fmer lines radiating from, a point are bimA that a line drsmn parallel to one of 
them is divided into two equal parts iy the other three, Iks four lines form an har- 
monic pencil. 

* Three numthers, m, «, jt, arranged io decrea^Dg order of Biie, totm an hamwnle proporUan, 
when the dlfterenoe of the first snd tho womft is to the dlfferenoe of lie Becond and tho third, as 
liioflrat tB to the third. Sath ate the numbers 6. 4, and 8;- or 6, 8, and S; or 15, 12, and 10 ; 4e. 
Bo, hi Fig. 403, are tbe lines AD. AB. and AC, "hiOh thus give ED : CB ; ; AD : AO ; or 
AC: OB:: AD : BD. The acrleB of fraoUon!, \, i \, J, ^, An,, Is called an Mrmomie progrea- 
(ion, liecause any oooseouUve three of Itatorma fonn an harmonic proportion. 
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301 

TuEOKKM YL—}f any iransversaJ. to an harmonio psncit be drawn, it inill lie divided 
harmonicalty. 

Let LM be the tranayeraal Thcough K, whera LM intersects OB, draw EF 
parallel to OA. It is biseoted at K by tho preeeding theorem ; and the Bimilar 
triangles, FMK and JMO, EKN and LNO, give the proportjona 

LM:KM;:OL:FK, a]idLN:HS::OL:EK; whence, 
siEce FK = EK, we have LN : NK : : LM : EM. 

CoEOLLAKT. — The two sidss of any angle, together with i/ie liissectrices of tks angle 
and of its supplement, form, an harmonic peticil. 

Teeobem VII.— If, from the summits of any I'ig. 4W- 

Iriangte, ABC, through any point, P, Iher 
drawn the transverstds AD, BE, OF, and Ike t 
venal ED 6s drawn to meet AB prolonged, in F', 
the point! F and F' mil divide the base AB har- y" ,,-'-^f\ V 



A F B P' 

Thia miij' be otherwise espressed, thus : 

The line, OP, which, joins the int^section of the diagonah of any quadrilateral, 
ABDE, mth the point of meeting, 0, of two apposite sidea prolonged, cuts the side 
AS in a point F, which is the harmonic conjugate of the point of meeting, V , of 
the other two sides, ED and AB, prolonged. 

For, by Theorem I., AF' X BD X CE = F'B X DC X EA ; and 
by Theorem IIL, AF X BD X CE = FB X DC X EA ; 
whence AF : FB : : AF' : F'B. 



THE COMPLETE QUADRILATERAL. 



A Complete Quadrilateral is formed by 
dcawmg any four etr^ght lines, so that each 
of them sball cut eaeh of the other three, so 
as to give six different points of intersection. 
It is BO culled because in the figure thua 
formed arc found thrco quadi'ilaterals ; viz., 
in Fig. 412, ABCD, a coromou convex quadri- 
lateral ; EAFC, a tini-f,oncave quadrilateral ; 
and EBAFD, a U-concave quadrilateral, com- 
posed of two opposite triangles. 

The complete quadrilateral, AEBCDF, has 
three diagonals ; vb,, two interior, AC, BD ; 
and one esterior, EF. 

Theohkm: VIII. — In every coufletb ciuadi 

diagonal lie in the same straight line. 

AEBCDF is the quadrilateral, and LMN 




(As middle points of il 



3 middle points of its three diago- 



Dats. From A and D draw parallels to BO, and from B and draw parallels tc 
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Fig. ilS. 




AD. The triangle EDO beiag cut hy tlio ttHnsvuraal BF, vie have (Theorem I.). 
DF X CB X EA = CF X EB X DA. From the equality of parallels between 
paraUelB, we have OB = E'B', EA = CA', EB = DE', DA=EA'. Henee, the 
above equation becomes DF X E'B' X CA' = CF X DB' x E'A' ; thej-efore, bj 
Theorem II, the pointa, F', B', A', lie in the same straight lino. Now, eioce the 
diagonals of the parallelogram ECA'A bisect each other at N, and those of the par- 
allelograni EEB'D at N, we have EN : NA' : : EM : ME'. Then MN is paraEel to 
PA'; and we have EN : NA' ; ; EL ; LF, or EL = LF, eo that L is the middle of 
EF, and the same etraight line passes through L, M, and N. 

ThbOEkk is. — i» every compleU quadrilaieral each of the three diagonah ia 
divided hartnonically by the tino others. 

CEBADF is the complete qaadrilaterai. 
The diagonal EF is divided harmocjoally at 
G and H by DB and AC produced ; since 
AH, DE, and FB aro three transversals 
drawn from the summits of the triangle 
AEF through the same point C ; and there- 
fore, by Theorem VIL, DBG and ACH di- 
vide EP harmonieally, - 

So too, in the triangle ABD, OB, CA, CD, 
are the three ftansversala pasHng through ; and G and K therefore divide the 
diagonal BD hairmaiiic9,Uy. 

So too, in the triangle, ABO, DA, DB, DC are the transversals, and H and K 
the points which di,vide the diagonol AC harmonically. 

Theosem X.—Iffromapoi«l, A, amj niun- 
ber of lines be dravm, aaUing the tides of an 
angle POQ, the intersections of the diagonals 
of the gitadrilaferals thus formed will all lie 
in the some straight line passing through the 
jfnrami£ of the angle. 

By the preceding Theorem, the diagonal ^ 
BC of the complete qnadrDateral,BAB'C'CO,'^ 

ia divided harmonically at D and E. Hence, OA, OP, OD, and OQ, form a 
monio pencil. So do OA, OP, OD', and OQ. Thorofore, the lines OD, OD' coin- 
cide. So for the other intersections. 

If the point A moves on OA, the line OD is not displaced. If, on the contrary, 
OA is displaced, OD turns around the point 0. Hence, the point A is said to be a 
pole with respect to the line OD, which is itself called the polar of tho peint A. 
Similarly, D is a polo of OA, whieh is tha polar of D. OD is likewise the polar of 
any other point on the line OA; and this property is necessarily reciprocal for the 
two conjugate radii OA, OD, with respect to the lines OP, OQ, which are aJsa 
eonjugata radiL Hence ; In every harmonic pencil, each of the radii is a polar 
with respect to each point of its conjugate ; and each point of this latter line ia a 
pall with respect to the former. 
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DEM OH STRATI OH S.* 

PAET 11. ; GHAPTEE V. 



(143), (144) These metlioda depend on the principle of the aqmue of the 
hypothenuae. 

(145) CAD ia sn angle inacrlbcd in a ecniicircle. 

(146) Let fall a perpend ioiilai- from B to AC, meeting it at a point E, not 
marked in Fig. 91. Then (Legcndre, IV. 12), 

AB' = AC + BC - 2 AC . CE ; wbenee CE = ^^' """g^^" ^^' . 
When AC = AB, ihia becomes CE = --— i. The similar triangles, BCE and DCA, 
give EC CB : : AC : CD; whence 

CBXAC _ . BC'_2AG' 

°°~— CE ^^^^^~¥Ja — B^- 

(147) Mark a point, G, in the middle of DF, and join GA. The triangle AGD 
will tiien be isosceles, since it is equal to the isoscelc a triangle ABC, having two aides 
and the jiioluded angle eqiia,!. Then AG = GD = AB = GF. The triangle AGP is 
then also iaoaceles. Now the angleFAG =4- AGD; HndGAD = ^F6A. Therefore 

FAG + GAD = FAD = i (AGD + FGA) = i (ISO") = 90°, 
(149) See Part VII., Art. (408). 

(160) The proof follows from the eqnal tiiangles formed. 
(151) Tlie proof is found in the firat half of the proof of Art. (148). 

(153) ACP is an angle inscribed in a Eeroieircle. 

(154) Draw from C a perpen<^eular fo the given line, meetiog it at a point £ 
As in the proof of Ai't, (146), changing tho letters euitably, we have ■^^'JTt;- 
The similar triangles AEC and ADP give 

__ __ _ _AFXAC 

" AC '^ ° " 

(155) Similar triangles prove this. 

(156) The eciual triangles which are formed give BP = CF. Hence FP is 
parallel to BC, and consequently perpendicular to the ^ven line DG. 

(157) The proof of thia is found in the " Theory of Transversals," corollary 3. 

(158) The proof of this ia the same as the iaet. 

(Ifll) The lines are parallel becauae of flie equal angles formed. 



AC:AE;:AP:AD=:'-±XAE:=^X— 5 = ^ 
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3S4 DEMOJVSTRATIOSS [app. b. 

(16S) The equal triangles give equal angles, and therefore parallels, 

(163) AB is parallel to PF, since it cuts Uie sides of the triangle propovtionallj. 

(1.64) The proof is found in eorollajy 4 of " Transversals." 

(165) From the similar triangles, CAD and CEP, we have CE : CD : : CP : CA. 
From the similar triangles, CEF and CBD, we hare CE : CD : : CF : CB. These 
two proportions give the following ; CP : CA : : CF : CB, Therefore PF is par- 
allel to AB, 

(16fi) Draw PE, The similar triangles PCE and ACD give PE : CE : : AD : CD. 
The similar triangles CEF and CDS give EF : CB : ; DB : CD, These proportions 
prodnee PE : EF : : AD : DB, Hence PEF is similar to ADB, and PF is parallel 
toAB. 

(ITS) The equality of the symmetrical triangles which are formed, proves this 



CP : DP : : CA X EB : AE X BD, 
By "division," CP — DP: DP:: CAxEB — AExBD :AE X BD, 
DC XAEXBD 
^ CA X EB — - AE X BD' 



Hence, since CP — DP = CD, wc obtain DP = 



The other formulas are simplified by the common factors obtained by raaking 
AE = AO, orBE — BD. 

(ITS) By Theorem VII. " Harmonic Division," in the quadrilateral ABED, tlia 
line CF outs DE in a point, L, which is the hai'moric conjugate of the point at 
which AB and DE, produced, would meet. So too, in the quadrilatpral DEHE, 
this same line, CG, produced, cuts DE in a point, L, which is the harmonic conju- 
gate of the point at which DE and KH, produced, would meet. Consequently, 
AB, DE, and KH must meet in the same point, Otherwine ; this problem may be 
regarded aa the converse of Theorem X of "Transversals," BCA being the angle, 
and P the point from which the radiating lines are drawn, 

(170) EGCFDHistte "Complete Quadrilateral." Its three diagonals are FE, 
DC, and HG ; and their middle points A, B, and P lie in the same straight line, by 
our Theorem VIII. 

(183) This instrument depends on the optical principle of the equality of the 
angles of incidence and reflection. 

(184) The first method given, Fig. 120, is another application of the Theory of 
Transversals, The second method in tlio article ie proved by supposing the figure 
to be constructed, in which case we should have a triangle QZR, whose base, QE, 
and fl parallel to it, BD, would be cut proportionally by the required line PSZ ; 

^DXQP 
QR ■ 



10 that QB : BD : : QP : B 



(189) By "Transversals," Theorem I., we obtain, regai-iling CD as the trans- 
veisalof the triangle ABE, CBXAFXED = ACXFExDB; and since ED = DB, 
this becomes CB X AF = AC X FE ; whence the proportion CB : AC ; ; FE : AF. 
By "dirision," we have CB— AC : AC :: FE — AF : AF. Observing that 

CB — AC =AE, we obtuin AB = ^ . (FE — AF). 
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[1] 



Apr. B.] For Part II., Chapter V. 

(190) Take CH = OB ; and from B let fall a perpen- 
dionlar, BK, to AC. Then, in the trkjigle CBH, we have 
(LegeodrelV. 12). 

^„_CH'+BH' — BC'_ Bff 

HK — ^GH -2BC' 

since CH = BC. 

In the triangle ABH, we have (Leg. IV. 13) 

AB' — AH'+Bir + 2AH.HK. 

Substituting for EK, ita value from [1], we get 

AB' = AH^ + Bff(l + 4|). 
But AH — AC-CH = AC — EC 




■. AB' = AH= + Bn- 



(■ + ^?^)=-+BH.. 



In the abova expression for AB, BH is nnlinown. To find it, proceed thus. 
Take CF = CD. Then DF is pai'allel to BH ; and we have CD : CB : : DF : BH ; 
whenee BH' = DP.^,. [3] 

In thia equation DF is untoiown ; but by proceeding as at the beginning of thia 
inTeetigatioD, we gst an equation analogous to [2], giving ED' ^EF' + DF" . — ; 
whence DP = (DE'—EP) . ^. 

Substituting thia value of DF" in [3], we have 

Substituting thia vahie of BH" in [2], we have 
AB^=AH'+(DE'-EF^.^g5 = (AC-BC)'+[DE'-(C]i;-CD)>]X^g^. 



right a 



I, ACia 



n proportional betwi 



(192) The proof follows from the sioiilar triangles coustruoted. 

(193) Tha eimikr triangles give DE : AC : : DB : AE ; whenee, by " division," 
DE — AC : AC :: DB — AB : AB; whence, since DB — AB = AD, we have 
.„ ACXAB 

^^=dei:ac- 

(194) From the similar triangles, we have DE i CA : ; EB ; AB ; whence 
DE — CA : CA:; EB — AB : AB; whence, ainea EB~AB = AE,we get 

ACXAE 
***-DE-AC- 

(195) The triangles DEF and BAF, similar becanse of the parallelogram which 
is constructed give FE : ED : : AP : AB = 5^- = ^^^^^ - 

The triangles DEF and BCD give aimilatly FE ; ED : ; DC : CB = :^^^. 
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396 DEMOHSTRATIOSS [im b. 

(196) The equalEtj of ihe ttiasglea formed proves tLis problem. 

(197) The proof of liis problem also depenclB on the equality of the triangles 
constructed. The details of the proof require attention. 

(19§) EB is lie transTersal of the triangle AGD. Coaseqnently, CBXAFxDE 
= ABXFDXCE; OT,si[)eeCB = AB+AC,(AB+AC)XAFxDE=:ABxFDxCE; 
„u.,.. .„_ AGXAPXDE 



FDXOE— AFXDE* 

oellod. Taking 

(199) The lioe BE is harmonioallj divided at the points H and A, from Theorem 
IX, ECFBGD being a " Complete Quadrilateral." Consequently, AE : EH ; : AB : HB. 
HeDce, by "division," AE — EHiAE :: AB — HB;AB. Wo therefore have, 

_ AEXAH 

"AE — EH" 



ejnee AB ~ HB = AH, AB = 



(200) For the eame reasons aa in the last artielo, OF is harmonically divided at H 
and D ; andwe have CH:HF::CD;DF; whence OH — HF:CH:: CD — DF;CD, 

Hence, sinee CD - DF = CF, CD = ~^. 

The other two expressions come from writing CF as CH + HF, and HF as 
CF — CH, 

(201) The equality of the trianglee formed proves the equality of the oorre- 
Bponding sides KD and DE, Ac. 

(903) The similar triangles (made eo by the measurement of CE) give 
OD:J>E::CAlAB = :^^?. 

(203) The similar triangles (made so hy the parallel) give CE : EA : : CD : AB 
__ CDXEA _ CDX(AC — CE) 



(204) The similar triangles DFH and BCD give HF ; FD : : DC : BC = - - — . 

The Bimilar triangles FGH and ABC ^ve FG : GH ; : EC : AB =BC ^. 

Substitutmg for BC, its above Talne, we have AB = -■■ ^^ ^. ■ - 
When CD ^ CE, DF ^ OD, whenoa the second formula. 

(205) The equality of the fymmetricat triangles which are formed, proves Uio 
equality of A'B' t« AB. 

(206) The proof of this is similar to the preceding. 

(80r) Beoiinse the two triangles ABC and ADE have a common angle at A, 
we have ADE : ABC : : AD X AE : AB X AC ; whence the espression for ABC. 

(20S) From B let fall a perpendionlflr to AC, meeting it at a point E'. Call 
this perpendicular BB' ^p. From D let fall a perpendicular to AC, meeting it 
at a pobt D'. Call this perpeodioulBr DD' = y. 



Hosted by 



Google 



. B.] For Part T. 

le quadrilateral ABCD = AGXi(_p + q). 



: BE : VE, trlienea 



La,tly,ABOB = ACXBCEX-^.^=BOEX^§^. 



DEMONSTRATIONS FOR PART V. 

(383) Let B = the moaaurcd inclined length, Sethis length reduced to a 
horizontal plans, and A = tho angle which the measured base inabas ivith 
the horiroa. Then 6 = B . cos. A ; and the esoess of B over b, I e., 
B — i = B (1 — COB. A). Since 1 — cos. A = 2 (ein. i A)' [TrigoJiometry, 
Art, (9)], we have B — i^a B {aia. i Af. Subatitufing for ein. -i . A, its 
approximate equivalent, ^ A X sin. I' [Trigoaonietry, Art. (5)], we obtain 
B — 6 = 2B (iAX sin. 17 = i (sin. l')".A'. B, =0.00000004231 A' B 
By logarithma, log. (B — i) = 3.626422 -f 2 log. A + log. B. The greater predsiott 
of this calculation than that of i = B . eos. A, ariges from, the slowneas with wlikh 
the cosines of very small angles inereass or decrease in length. 

(3S6) The esterior angle LER=:LCK + OLD. Also, LER = LDR + CED. 
.■.10E+CLD = LDK+CiiD, and LCR = LDR+CRD-CLD, 

From the triangle CRD we get do. CRD = ain, CDR X ^. 
From the triangle CLD we get si 



LCR = LDB + ain. CDR) 



CLD = i 


sin. LCD 


^CL- 


all, 


these 


values 


■f the dues 


the 


angle: 


J, aniJ we shall have 


CD 




LGDX 


CD 



CR CL' 



The last two terms are esprcssed in parts of radios, and to have them In seconds, 
they must be divided by sin. 1" [Trigonometry, Art, (5), Note], which gives the 
formula in the text. Otherwise, the correction being in parts of radius, may be 
brought into seconds by multiplying it by the length of the radius in seconds; i. a. 



180° X 60 X 60 _ 
3.14J69, &o. 



■ 206264".S0626 [Trigonooietry, Art (2)]. 



(391) The triangles AOB, BOC, COD, Ac, give the following proportions 
[Trigonometry, Art. (12), Theorem I.] ; AO : OB : : sin. (2) : sin, (1) ; 
OB : 00 : : sin. (4) : ein, (S) ; OC : CD : : sin. (6) : sin. (5) ; and bo on around the 
polygon, Mnltiplying together the corresponding terms of all the proportiouB, 
the sides will all be canoellecl, and there will result 
I : I : : sin. (2) X sin. (4) X sin, (6) X sin. (8) X sin. (10) X sin, (12) X sin, (14) ; 

wn. (1) X Bin, [S] -X ein, (6) X sin, (1) X sin. (9) X sin. (U) X sin, (13), 
Hence the equality of the last two terms ot the proportion. 



Hosted by 



Google 



898 DEMONSTRATIONS [app. b. 

DEMONSTRATION FOR TART VI. 
(399) Jn the triangla ABS, we have 

sin. ASB r Bill. BAS : : AB : SB =' -^^^jj'^g^^ = '-^^. [!] 

In tie triangle CBS, wa liave 

«n. BSC : .in. BCS . . BC : 8B =?^4^^ = "-^. [2] 

Henoa, ^ ■■ ■?^ - ~ = " \^^"'J - ; whence, c . ain. S' . sin, U-a . sin. S . sin, V=0. [3] 

In tiia quadrilateral ABCS, we have 
608 = 360° — ASB — BSC — ABC — BAS; or V = 300°- S — S' — B — U. 

LetT = aeO° — S — S' — B, andwohareV — T — tJ. [4] 

Suhelituting this value of V, in equation [3], wo got [Tiig., Art. (8)], 

e . Bin S' on. U — a . Bin. S (aa T. cos, U — 009. T . sin. XJ) = 0. 
Dividing by sin. IT, we get 

c.Bin.8'— O.Bill. S (sin.T.^1^— oos.t)=0. 
Whonce we have 

"••I'_„, „_ '.■■»■ S' + i...in.3.eo..T 



Separating thia expraasioc into two parts, and cancelling, we get 



Separating the aecond member into factors, we get 

BID. T\a.sin,S.cos.T^ /' 



Having found U, equation [4] gives V ; and either [1] or [3] gives SB ; anil 
3A aad SC are then given by the facailiar " Sine proportion" [Trig., Art. (12)]. 
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ipp. B.] t>r Part VI!. 399 

DEMOHSTEATIONS POR PART VE. 
(403) If 'APC be a right angle, ^ = cos. CAB [Trigonometry, Art. (4)]. 

(406) AC = PC . fan. AFC ; and CB = PC . tan. BPC [Trigonometry, Art. (4)]. 
Heaee AC : OB : ; tan. APC : tan. BPC ; and 

AC ; AC + CB ; : tao. APC : tan. APC + tan. BPC. 
Consequently, slnee AC + CB =: AB, AC = AB • ^n. Aro'+ t^an. BPC ' 

(414) The equal and Bupplementai-y angles formed prove the operation. 

(481) In Fig. 28fi, CA:EQ::AB:GR By "division," CA — EG:EG:: 



~a'-\- f — 2 ab . cos. C. This becomes [Trig., Art. 

(6)], K being the supplement of C, i;' = a' + S'' + 2 06 . cos. K. Tiie series [Trig., 
Art. (5)] for the length of a cosine, gives, taking only its first two tei'ma, sines K is 
very email, cos. K = 1 — i K°. Hence, 

.■ = .■+(■+ 3. l-«JK' = (o+i)--.SK' = (. + i)'(l-||y|j)i 

Wh,n.,, . = (.+ S)|/(l_pj;-^,). 

Developing the quantity under the radical sign by tbo binomial tlieurem, aud neg- 
lecting the term^ after tbe second, it becomes 
__ ablU 

^-{a + b}'' 

Substituting for K minutea, K . sin. 1' [Trig, Art (6)], and performing the multi- 
plication by a + i, wo obtain 

c = a+h— " nf r".j ■ No^ (si"' I')' = 0.00000004230'79 ; 

whence the formula in the text, c = a-{-b — O.OOOOOOO4S308 > 



-+,Ac 



a+b- 



(130) In the triangle ABO, designate the angles as A, B, ; and tlie sides op- 
posite to them as a, b, c. Let CD = it Tlie triangle BCD gives [Trig., Art. (12), 

Theorem I], a = J ^^- The triangle AOD similarly gives b = d- '^~. 

In the triangle ABC, we have [Trig., Art. (12), Theorem IL], 

tan. i {A — B) ; cot. i ; : a — 5 : fl + i ; 

whence tan. i (A — B) = i^ ■ cot. i 0. [1] 

B + 4 ^ 

Let K be an auxiliary angle, aucli that 4:= a. tan. K; whence tan. K = -. 
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400 BEMOSSTRATIOllS [app. b, 

Dividiog the second membar of equntion [I], above and below, by a, ani3 substitu- 



ting tan. K for ^ ire get tan. i (A — B) =■- 



+ tan. K 



Since fan. 45"^ 1, we maj substitute it for 1 in the preceding *.,jation, and 
we get tan. i (A~E) = J^liJ^^.cot. i C. 

From the espression for the tangent of the differeuci; oi two area [Ti'ig., Art. 
(8)j, tile precsding fraction reducca to tan. (45° — E) ; and the equation becomes 
taJL ^ (A — B) = tan. (45° — K) . cot. i C. [2] 

In the equation tan. K = -, substitute the values of 6 and a from the formulaa 

at the beginning of this investigation. This gives 

sin. ADC . sin, EDO _ sin. ADC . sin. CBD 
tan. K — rf- ^^ p^jj , d- ^^ ^^^ ~ ^.^ ^^^ ^.^ -^^^. 

(A — B) is then obtained by equation [2] ; (A + B) is the supplement of ; 
therefore the angle A is known. 
^ ,„ a.sin.C d. sin. EDO. sin. ACB 

Th^ c = AB = -^^^-^= ^^,c£D.sin. -CAr' 

The use of the auxiliary angle K, avoids the calculation of the sides a and b. 

(434) In tlie figure on page 292, produce AD to some point F. The exterior 
angles, KBC = A + P; ECD = A + Q; EDF^A + E. The triangle ABE 
givea — =: . " . The triangle ACE gives := ■■ . -■ '— ■ Dividing member 

, , 'be B.sin. Q 

by member, wc get ^ = fj+^j-^n.-p' 

Id the iMime way the triaugles BED and CED give iq~~ = T (R — PI ' 
OE_sin.(A + R) BE _ ( i + .) sin. (K -Q) 

'^T-><in.(R:Zqy Whe:,eeasbeto,o.^j^— ^_^^_^^^-^^. 

Equating these two values of the same ratio, wo get 

a.8iu.Q (i + a)sin,(R — Q) _, 

"^ai^P^siatR^ ^ ^ (a + ^) (i ^- :.) ^ «i + (« + i) ^ + ^'. 
To solve this equation of the 2d <3egree, with reference to x, make 

'"■■'-5=iy.'.i..P(.i„.E^Qj- 

Then the first member of the preceding equation ^=i ■ (a — 6)' X tan.' K ; and 
W.B.I .• + (» + 4). = i(,-i)'.tm.'K_.i, 

and .=-i(. + S)±/B(.-i7.l»n.'K-.i + J («+»)•] 

= -i (• + i) ± %/ [4 (•-if-im.-K + i (.-«•] 

=-l(» + »)±t("-»)V(l".'K + l). 
Or>Dce ^/(tan." K + 1) = BecaQt K::^ ™,wo have ^ = -"^± ^^^^. 
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APP, B.] 



DEMONSTRATIONS FOR PAET XL 

(493) The sontent being given, and the length to be it times tbe breadth ; 
Breadth X « times breadth ^ content ; whence, Breadth ^j/ (■ — - — ■ 1. 

Given the content ^ i;, and the difference of the length and breadth = rf ; to 
find thfl length I, aud the breadth i. We have Ix b = e; and i — i = J. From 
these two eq^uations we get I ^^^ i d -\- i ^/ {d' -i- i e). 

Given the content = ft and tbe sum of tbe length and breadth ;=s; to find (and 6, 
"We have J X i = o; anili + 6 = «; whence we get i = -i s + 4 ^/(s' — 4 c). 

(494) The firat rule is a consequence ot the area of a triangle being the prndncl 
of its height by half its base. 

To get the second rtde, call the height ft ; then the base ^ mli ; and the area 
:=ihXmh; whenee A=: j/ (— — V 

For the eqnilateral triangle, calling its side e, the formula for the area of a triangle 
,/ [ a . ) (1 • - ") (* • - ') (1 ■ - •)] reJ""" t° 1 "■ V«. Hence . = !|/(^') 
= 1,6191 ^/ area. 

(495) By Art (6fi), Note, i . AB X BC X eiii. B — conteat of ABC ; whence, 
SXABO 

""-abTS^' 

(49fl) The area of a circle ^radius ' X -S-; whence radius ^ j/ 1 ——— — l. 

(497) Tlie blocks, including half ot the streets and avenues around tbem, art 
800 X 260 ^ 234000 square feet. This area gives 64 lots ; then an acre, or 43560 
feet, would give not quite 12 lots. 

(503) Tlie parallelogram ABDO being double the triangle ABO, the proof for 
Art. (49B), slightly modified, applies here. 

(504) Produce BO and AD to meet in E. Fig. 8«, bfe. 
By similar triangles, 

ABE ; DCE : : AB' : DC. 
ABE — DCE : ABE ; : AB" — DC : AB". 
NowABE — DCE = ABCD; also, bj 
Art (85), Note, 

1. A.sin. B 



ABE = 



n.(A+B)- 
The above proportion therefore becomes 

ABCD ; AB' . .— . ; - 4 ^ ^"^-^ : : AB' — CD' : AB'. 
Multiplying estremes and means, cancelling, transposing, and extractmg the square 
„..,,. g,. CD = / [AB. - 5^"£|1^)], 
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402 DEMOaiSTRATIONS [app. b. 

Whan A + B > 180°, eio. (A + B) is negative, and therefore tlie fraotiou in 
wbieh it oooura becomes poBitive. 
CF being drawn parallel to DA, we have 

^°='°=''°-ing='' .i..(i8o''°-A -=Br'"~™'iii$T5) 

(905) Since similar triangles are as the squai'ea of their homologous sides, 

V(SI)- 



; BFG ;;BD';BF; TFhenceBF = 



(506) BFG = 4.BFXFG = J.BFxBF.tan. B; 

(5 10) Bj Art. {65), Koto, BFO = BI> , "jfj^ '^gj i 

BF=/( '-;:^y;g^ g). 

(511) The final formula I'esulla from the proportion 

FAE : CDE : : AE' : ED'. 
(518) Smce trianglee which hare an angle in each equal, are as the produota of 
thd sides about the equal angles, we have 

ABE : CDE : : AE X BE : CE X DE. 
..sin. B 



E = i.j 



Substituting these values in the preceding proportion, cancelling the common fac- 
tors, observing that sin. (A -{- B) ^sin. E, multiplying extremes and means, and 
,. ... . ^„ //a.CDE.sm. DCE\ 

dividing, we get DE =|/^-^^-^^-v^g-^| 

(515) The first formula is a consequence of the expression for fhe area of a 
triangle, given in the first paragraph of the Note to Ari (65). 
(51'?) The reasons for the operations in this article {which are of very frequent 
e self-evident. 



(518) The expression for DZ follows from ArL (DB), Note. The proportion in 
the nest paragraph exists because triangles havmg the same altitude arc as their 



(519) By construction, GPO = tte required content. How, GPC = GDC, since 
they have the same base and etjual altitudes. We have now to prove that 
IMC = GDC. These two triangles have a common angle at a Hence, they ore 
to each other as the rectangles of the adjacent sides ; L e, 

GDC : LMC : : GO X CD ; : LC X CM. 
Here CM is unknown, and must be eliminated. We obtain an expression for it 
bj means of the similar triangles LCM and LEP. which give 
LE:LC::EP = OD:CM. 
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App. B.] For Part XI. 403 

Hence, CM = — ^^= — Substituting thia valua of CM in the first pi'oportioii, 
and cancelling CD in the last two terms, -we get 

GDC;LMC::GC:^; orQDC:LMC:: GC X LE : LC 
LC' = (LH + HC}' = LH' + 3 LH X HC + HC 
But, bj cODBtruction, 

LH' = HK" = HE'-EK' = HE'-EC' = {HE+EC)(HE-EC) = HC (HE-EC). 
Also, GC = 3H0; anaLE = LH + HE, 

Substituting these values in the last proportion, it becomes 

GDC .- JMO : : 2 . HC (LH + HE) : HC (HE — EC) + 2 LH X HC + HC. 
::alJI+2HE : HE — EC + 2 LH + HC, 

:HE — EC + 2LH+HS + EC. 
: 2 HE + 2 LH. 
The last two terms of tbis proportion are tbus proved to be ec[uaL Therefore, the 
first two terms are also equal ; I e., LMC := GDC = the required content. 

Since HK = y/ (HE» — EK*), it will have a negative as wall as a positive value. 
It may therefore be set off in the contrary direction from I^ i. e., to L'. Tho line 
drawn from L' through P, and meeting CB produced beyond B, will part off an- 
other triangle of the required content. 

(520) Suppose the liae LM drawn. Then, by Art. (85), Note, the required 
content, c = j ■ CL X CM . sin. LCM. This content will also equal the sum of the 
two tiiaagles LCP and MCP ; i. e., e = i ■ CL X p + J ■ CM X j. "Die first of 

these equations gives CM = ~r^ — ^ — i^jrn- Substituting this in the second equa- 

Whence, ^ p . Cl^ . sin. LCM + cf = c . CL . sin. LCM. 

Transposing and diviiiing by the coefficient of CL", we get 

OL.-i-'.OL = iL. 

p p . Sin. CLM 



<='=?±|/(?-;Jr£oi)- 



If the ^ven point is outside of the lines CL and CM, conceive the desired Hue 
to be drawn from it, and aaofher line to join the given pomt to the comer of the 
field. Then, as above, get oxprossions for the two triangles thus formed, and put 
Iheir sum equal to the expression for tbe triangle whicii comprehends them both, 
and thence deduce the desired distance, nearly as above. 

(523) The difference d, between the areas parted off by the guess line AB, and 
the required line CD, is equal to the difference between the triangles APC and BPD 



By Art. (65), Rote, the triangle AFC = i-AP'' 
Similarly, the triangle BPD = i ■ BI" -."' - ^ j 



sin.(A + P)- 
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404 DEMOSSTRATIONS [app. b. 

By the eipreaeion for ain. (a + b) [Trigonometrj, Alt. (8)], wo have 

j_t, . p, sin. A . Bin, P ^ eiii. B.sip.F 

'^-'■*-*^ Sk;A.coa.F + ein:P.oos.A * ain. B . cos. P + sm. P . cob. B' 

Dividing' each fraction bj ita numerator, and remembering that -? — ^ cot. a, we 

hare _ ^ A P' ^BP 

wt, P + cot. A cot-P + cot. B' 
For convenience, let p ^ cot. P ; o^cot.A; andii=cot,B. The above equalioD 
will then read, multipljing both sides bj 2, 

AP* HP" 

~P + « P + *' 
Ciearing of fractions, we have 

2dp' + 2dap + 2dbp + 2dab = p.AF*+b.AV'~p.'BF' — a.BF*. 
Transposing, dividing through by 2 d, and separating into factors, we get 
, / , , AP" — BP»\ 6.AP' — a.BP' 

If A^ 90", cot. A = a^^O; and tlxe expression r«daces to the simpler form 
giveo in tho article. 

(523) ConBeiva a perpendicular, EF, to be let fall from B to the required lino 
DK. Let B represent the angle DBE, and B the unknown angle DBF, Tlie angle 
EDF = 00° — (3 ; and the angle BEF = 90° — {B — ^) = 90° — B + (?. By Art. 
(68), Note, tlie area of the triangle DBE = J DE= ■ ""' ^^^ ' ^'"' ^^'^ — 



i-DE' 



.(BDE + BED) ■ 
3in.(90'' — ^)ein. (90° — B + g) 
Bin. B 

_ 2 X DBE X a in. B 3 X D BE X ain. E 

' ■" ain. (90° — ff) . ai'MBT" — B + (3) ~ ^ITcoa. (B — 0) ' 



Now in order that D13 may be the least possible, Ihe denominator ot the last 
fraction must be the greatest poasiljle. It may he transformed, by the fotmult 
cm.. Id 1 = 1 Qi» (.+ ()+ l.c». (.-() [Trigo.omlrj, Art. (!) ], into 
J COS. B -{- ^ . COS. (E — 2 0). Since B ia constant^ the value of this expresaion d< 
pends on its second term, and that will be the gi'eatest possible when B — 2 ^^1 
in which case = J B. 

It hence appears that the required line DE ia perpendicular to the line, B! 
which hiaects the given angle B. This gives the (Efmiion in which DE ia to be rui 

Its starting point, D or E, is found thus. The area of the triangle 
DBE = i BD . BE . sin. B, Since the triangle is iaoaoelts, this becomes 

DBE = J BDV sin. B ; whence BD = i/ (^^^y 

DE is obtained fram the expression for DE°, which becomes, making li=.i'B, 
„^ 2 X DBE X Bin. B , .^^ ^(2 . DBE . sin, B) 
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(524) Let a = Talue per aci'e of one portion of the land, and 6 that of tha 
other portion. Let x ^= the width required, BO or AD. Then the Tfllne of 

BCFE =ax ~^, and the talne of ADFE = J X '^-^j^- 

Putting the Bum of these equal to the valne required to be parted off, we obtwn 



(525) All the constmotions of this article depend on the eqaivfllenoy of Wan- 
gles whic!i have equal bases, and lie between parallels. The Jength of AD is de- 
rived from the area of a, triangle being equal to its base by half its altitude. 

(_Sfi'7) Since similar triangles are to eaoh other aa the squares of their homolo- 
gous sides, 

ABO' : DEE ; : AB' ; BD" ; whence BD = AB j/ 5?? = aB j/— ^— . 

The construction of Fig. 86S is founded on the propartion 

BFiBG::BG:BA; when BD = BG = ^Z (BA X EF) = BA j/— ^— . 

(528) Bj liypotheais, AEF : EFBC : : m t «; whence AEP : ABC : ; m : m-f « ; 
andAEF=:AEC— ^ = ^'•'1 -— ■— ^. Alao, AEP = j . AB X EF 
The similar triangles AEF and ABD give AD : DB : : AE : EF = ™^ — . The 

second expression for AEF then becomes AEF=^iAE' r^ — . Equating 

this with the other value of AEF, we have 
AC X DB m. AE" X DB , 

— "^ — ^i;:+-n=-¥7AD--^^ 

(530) Id Fig. 366, the triangles ABD, DEC, having the same altitude, are to 
each other as their bases. 

In the next paragraph, we have ABD : DBO : : AD : DC : : m : n ; whence 
AD: AC::m:«!-t-«; and AC : DO : : m + n : n; whence the espresMona for 
AD and DC. 

In Fig, 36T, the espresaon for AD is given by the proportion AD; AC;:m:m -fn. 
Similarly for DE, and EC. 

(531) In Kg. 888, conceive the line KB to be drawn. The triangle 
AEB — -i ABC, having the same altitude and half the base ; and AFD = AEB, 
because of the equivalency of the triangles EFD and EFB, which, with AEF, make 
up AFD and AEB. 

The pomt F is fised by the similar triangles ADB and AEF 

The expression for AF, in the last paragraph, is given by the proportion, 

ABC:ADF:: ABXAC:ADXAF; 

.„ ABXAC ADP ABxAC m 
whence, AF = ~^^ __=_^__.__. 

(533) The areas of triangles being equal to the product of their altitudes by 
halt their bases, the constructions in Fig. 369 and Fig. 870 follow therefrom. 



= |/(aoxadx^-^). 
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406 DEMONSTRATIONS [aff. b. 

(533) In Fig. 311, conoBiTB the line BL to be drawD. The tiiaijgle ABL wiU 
be a third of ABC, hn\'mg tie same altitude and one-tliird the base ; and AED is 
equivalent to ABL, because ELB =ELD, aad AELis common to both. A similar 
proof applies to DOG. 

(534) In Fig. 812, the four smaller triangles are mntually equivalent, because 
of their equal bases and altitudes, two pairs of them lying between parallels. 

(535) In Pig. 3T3, conceire AE to be drawn. The triahgle AEC = 4-.ABC, 
having the same altitude and half the base ; and EDFC ^ AEC, because of the 
commMi part EEC and the equivalency of FED and FEA, 

(536) In Fig. 37t, in addition to the lines used in the problem, draw BP and 
DG. Tbe triangle BFC = i ABC, having the same altitude and half Ilia base. 
iiaa, the Uianglo DFQ = DFB, because of tlie parallels DP and EG. Addmg DFC 
to each of these triangles, we have DCG = BFO = i ABC. "We hnye then to 
proTO LMC = DCG, This is done precisely as in the demonstration of Art. (519), 

' p^e 40% 

(«3y) LetAl; = aT,ED = y,AH = s',HF = j/', AK:^o,KB = i. 
The quadrilateral AFDE, equivalent to J ABO, but which we will represent, 
generally, by rf, ia made up of the triangle AFH and the trapezoid PHED. 
APH = i . x'y'. PHED = i (i —x') (y + y'). 

.-. AFDE = ™= = 4.^y + i(^— a;')(-/ + y)=:i»^(y + j') — i^'y- 
The similar triangles, AHF and AKE, give 

.,»::.■, ,- = ^. 
Substituting this value of i/' in the expression for in', we have 
-=*-(» + ")-*•>! 
, a(2m' — X!/) AK (§ ABC — AE X ED) 

"^"'™' '' b^-ay - KBXAE-AKiTED- 

The formula ia general, whatever may be the ratio of the area m' to that nf 
the triangle ABO. 

{53§) In Fig. 316, PD is a line of division, beoauae BF = the triangle BDP 
divided by half ita altitude, which gives its base. So for the other triangles. 

(539) In Pig. 317, DG is a second line of diviaon, because, drawing BL, the 
tjiangle BLO = J ABC ; and BDGC is equivalent to BLC, because of the common 
part BOLD, and the equivalency of the triangles DLG and DLB. 

To prove that DP is a third Ime of division, join MD and MA. Then 
BMA = i BGA. From BMA take MPA and add ita equivalent MFD, and wa have 
MDFB = iBGA = i(ABDG — BDG) = i(|AEC — BDG) = iABC — iBDG. 
To MDFB add MDB, and add its equivalent, i BDG, to the other side of the equa- 
tion, and we have 

MDFB + MDB = iABC — iBDG-f ^BDG; or, BDF = JABC. 

(540) In Pig. 378, the triangle AITC == J ABC, bavmg the same base and one- 
third the altitude. The triangles AFB and BFC are equivalent to each other, 
each being compoaed of two triangles of eqnal bases and altitudea; and each is 
therefore one- third of ABC. 
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APP. B.] For Part XI. 407 

In Fig. S12, AFC : ABC : : AD : AB ; diiee tliese two trianglefl have the oommon 
base AC, and thuir altitudes are in the above ratio. So too, BFC : ABO : : BE : BA. 
Hence, the remainiag triangle AFB ; ABC : : DE : AB. 

(541) By Art. (6S), Note, ABC = i AC X CB X sin, ACB. But tlie angle 
ACB = ACD+DCB = ^(180°— ADC)-}-i{lS0''--CDB) = 180°-l(ADO+CDB). 
Hence, ABC = i AC X CB X ein. j (ADC + CDB) = 1 AC X CB X sin. i ADB. 

Let 1- = DA = DB = DC. Since AB is the ehord of ADB to the radius r, and 
therefore equal to twice the eino of halt tlint angle, we have 

AB X BC X CA 



i, ADB = — -; whence, ABC = i AC XOB X — ; andr 



S.ABO 



Also, sinco the area of caeh of tbe tliree small triangles equals half tbe product of 
one of the equal aides (= r), by the sine of the included angle at D, these triangles 
will be to each other as the sines of those angles. These angles are found thus : 

•ii.,iiDB=i5i i,.JBDO = 25-,.ii.4ADO = ^. 

(SilZ) The formulas in this article are obtained by substitnting, in those of Act. 
(523), for the triangle DBF, its equivalent X ) AB X BC X sin. B. 

BD thus becomes ^|/(-^^ ■ ^^-^^J^*— ) = j/(^^><-^^XBc) ; 

V(7r^XABxBCXain.aB) ^in, g /. „ v 

andDE= ^"+~ ,^— ^^ = ^^ ■ ./( ^xABxBC). 

COS. i B COS. i B r \m + 51 / 

(543) The rule and example prove themselves. 

(544) In Fig. 333, conceiTe tie sides AB and DC, produced, to meet in some 
point P. Then, by reason of the simihii' triangles, ADP : BCP : : AD' : BC; 
whence, by "division," ADP — BCP = ABCD: BCP:: AD= — EC: BC». 

In lite manner, comparing EFP and BCP. we get EBOF : BCP : : EFf-BC : BC^ 
Combining these two proportions, we Lave 

ABCD : EBOF : : AD' — BG' : EF" — BC ; 
or, m + n:!™::AD' — BC<:EF' — EC. 

Whence, (m + «) EF^ — m.BC — » BC= = m. AD= — m.BC; 

Alsoi from the similar triangles formed by drawing BL parallel to CD, we have 
- Ji^X^^^ _ AB (EF — BC) 
^ AD — BG ■ 

(545) Let BEFO = -^ ■ ABCD = a; let BC =b; BH = h; and 

AD — BO = c AlaoletBG = a:; andEF = i/. Draw BL parallel to CD. Bynoi' 
ilar triangles, AL ; EE : : BA : BE : : BH ; BG ; or, AD-BC : EF-BC : : BH -.BG ; 

Also,theareaBEFC = a = J.BG(EF+BC)=:iz(!/ + 6); whence y = — -6. 



AL:EK::BA: BE — ~ 
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408 DEJIOllSTniTIOKS. [app. b. 

SubstitutJng tlija TsJue of y in the expression for jr, and reduping, we obtain 

_ , 2 ift 2 ah , iA , //2 oS , 6"A"\ 

ifl+ — K^ ; woenoe we haTe x = \- i/ I ■— 1, 

^ e e ' c ^y V c ^ <" / 

The second proportion above givea y — h:=—; -wbenoe y^b-\-j- • x. 

Replacing tLa sjmbola by tbeir lines, we get the formulaa in the text. 

(846) ABEF = J ABCD. But ABRP = ABEP, because of the common part 
ABBP, and the triangles FRP and FRE, -which malie np the two figupes, and 
which are eqaivaleat because of the parallels FR and PE. So for the other parta. 

(S-iT) The truth of the foot-note is evident, ainee the first line biaetts the tra- 
pezoid, and any other line drawn through its middle, and meeting the parallel 
aides, adds one triangle to each half, and fakes away an equal triangle ; and thus 
does not disturb the equivalency. 

(54S) In Fig. 385, einee EF is parallel to AD, we have ADG : EGF : : GH" : GK'. 
EGF is made up of the triangle BOG = o', and the quadrilateral BEFC = 

— ^ — ■ ABCD ^ — -J- — ■ (a — a')- Henee the above proportion becomes 

(m + n)a:ma-f-»a';:GH':GK'^; whence GK = GH j/^pi.2.''A. 

GE is given by the proportion GH : GK ; : GA : GE = GA ■ ~. 
In F^. 366, the division into p parts is founded on the same principle. The 
triangle EFG = GBC 4- EFOB = o' + ^ Now ADG ; EFG : ; A0> : EG« ; 



f Q:a'-f--;:AG':EG'; whence GE = 



wm)- 



GL is obtained by taking the triangle LMG ^ o' -1 ; and so for the reat 

(559) In Fig. 390, join FC and GO. Beoanse of the parallela CA and BF, the 
triangle FCD will be equivalent to the quadrilateral ABCD, of which GCD will 
therefore be one half; and because f h p 11 1 GE d CH EHDG w 11 be 
equivalent to GCD. 

(553) In Fig. 391, by drawing cet 1 thqdltlcabddd 
into three equivalent parts, each c nip d f q 1 t p d d 

equivalent triangle. These three eq Itpt fh bt fmdby 

meana of the parallela, into the th q 1 t q d It la h w in th 

figure. The full deveiopmeat of the proof is left as an exercise for the student. 

In Fig. S9S, draw CG. Then CBG = 3 ABCD. Bat OKQ = CGQ. Therefore 
CKQB = \ ABCD. So for the other division lino. 

(556) The division of the base of the equivalent triangle, divides the polygon 
similarly. The point Q reaulta from the equivalency of the triangles ZBP and ZBQt 
PQ being parallel to BZ. 
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APPENDIX 0. 



nrrEODUCTiOM" to levelling. 

(1) The Principles. LKYSiiiNoia the art of Gndiog iKm much one point 
is higher or lower tlian another ; i. e., haw nraob one of the points is above or below 
a level line or aurfiice which paaaea through tha other point. 

A level or horuotttal line is one which ia perpendicular to th« direction of grav- 
ity, as indicfttsd by a plumb-line or similar means. It is therefore parallel to the 
surface of standing water. 

A level or horizontal surface is defined in the same way. It will be determined 
by two level linea wh h n t h other.* 

Levelling maybe nam d Vee SuavErraa, or Up-anil'down Surveying ; the 

anbjeot of the preced ng pag be ng fforizoatal Swrtieying, or Sighi-and-lefi and 
^bre-and-afi SittwT/ n? 

All tha method ot Ho atal & veying may be used in Vertical Surveying. 
The one which will b b fly It t 1 d here cori'esponda precisely to the method 
of " Surveying by £F ta f nded n tha Second Method, Art (6), "Rectangular 
Co-ordinates," and fully esplained in Arts. (114), ifec. 

The operationa of levelling by this method consist, firstly, in obtaining a level 
line or plane ; and, secondly, in meaauring how far below it or above it (oBually 
the former) are the two points whose relative heighta are required, 

(3) The Instrumenls. Alcvel Fig.4is. 

line may be obtained by the following ^ i 

Bimple inatruraenti called a " Plumb-tine 
level." Fasten together two pieces of 
wood at right angles to each other, so as 
to make a T, and draw a line on the np- 
right one so as to be exactly perpendicu- 
lar to the top edge of the other. Suspend 
a plumb-line aa in the figure. Fix the T 
against a staff stuck in the ground, by a 
screw through the middle of the croaa- 
pieoe. Tarn the T till the plumtline 
eiaoHy covers the line which was drawn. 
Then witt the upper edge of the eroaa-pioce be a level line, and tha eye can sight 
across it, and note how far above or below any other point this level line, pro- 
longed, would strike. It will be easier to look across sights fixed on each end of 
the cross-piece, making them of horsehair stretched across a piece of wire, bent 
into three sides ot a square, and stuck into each end of the cross-piece ; taking care 
that the hairs aro at esaotly equal heights above the upper edge of the et 
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A modification of this is to lasteu a common Ffg. 416, 

carpenter's square in a slit in the top of a staff, ^^■■■ 

by means of a Eoi'ew, and then tie a plumb-lina 

at the angle eo that it may Imng beside on« arm. 

Wlen it !ia£ been brought to do so, by tnrning 

tbe square, tlien the other arm will be level. 
Another simple instrument depends upon the 

principle that "water always finds its level," 

corresponding to the second part of our defini- 
tion of a level line. If a tube be bent up at each 

end, and nearly filled with water, the snvface of 

tbe water in one end will always be at the same 
height as that in the other, bowever the position 

of the tube may vary. On this truth depends the " Waicr-lesel." It may be 

easQj constructed with a tube of tin, lead, copper, &v,, by bending up, at right 

angles, an inch or two of each end, 

and supporting the tube, if too ^^' *'^* 

flexible, on a wooden bar. In tJiese j^ 3 -. -5 

ends cement (with putty, twine A ■ A 

dipped in white-lead, &a ), thin phi- ' Tj 

als, with their bottoms broken off, jX. 

so as to leave a free communication l^A 

between them. Fill the tube and 

the phiala, nearly to fboir top, with colored water. Blue vitriol, or cochineal, 

may be nsed for coloring it. Oork their mouths, and fit the instrument, by a 

steady but fieiible j"int, to a tripod. Figures of joints are given on page 184, and 

of tripods on page 133. 

To use it, set it in the desired spot, place the tube by eye nearly level, remove 
the corlis, and the surfaces of the water in the two phials will come to the some 
leveL Stand about a yard behind the nearest phial, and let one eye. the other 
being closed, glance along the right-hand aide of one phial and the loft-band side 
of the other. Eaise or lower the head till the two surfaces seem to coincide, and 
this line of sight, prolonged, will give the level line desired. Sights of equal 



the tops of the phials, would gi 




height, floating 

s better-dejined line. 

The " Spirit-leveP' cons f tially 

of a curved glass tube nea ly fill d w th 
ahjohol, but with a bubbl f 1 ft 
within, which always seek 
spot in the tube, and will fl 
its movements indicate a y b ^ 
the position of the tabe. Wb th h bble, by raising or lowering one end, 

has been brought to stand b tw tw m ks on the tube, or, in case of expan- 
sion or contraction, to ext d an q 1 d t ce on either side of ihem, the bottom 
of the block {if the tube be in one), or sigbfa at each end of the tube, previously 
properly adjusted, will be on the same level line. It may be placed on a board 
fixed to the top of a staff or tripod. 

■When, instead of the sights, a telescope is made parallel to the level, and vari- 
ous contrivances to increase its deliaacy and accuracy are added, t 
becomes the Engineer's spirit-level. 
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Tbe Practice. 



n^. «9. 
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(3) The Practice. By -whioherer of these var 
has been obtained, the aubeequent operations in msting 
Since tbe " water-level" ia easily made end tolerably aoou 
to be employed. Liet A and B, Fig. 
419, represent the two points, tbe 
difference of the heights of which is 
required. Set the instrument on r 
any spot from which both tlie poicta 
can be seen, and at such a height 
that the level liiia will pass above 
the highest one. At A let an asaiat- 2 ■ ■ 

ant hold a rod graduated into feet, . [ 

tenthfl, &e. Turn the instmraent to- A. 
wards tbe staff, sight along the level 

line, and note what division on the "" ~^ 

staff it strikes. Then send the staff 

to B, direct the instrument to itj and note the height observed at that point. It 
the level line, prolonged by the eye, passes 2 feet above A and 6 feet above B, the 
difference of their heights is 4 feet. The aisoliite height of the level line itself ia 
a matter of indifference. Tlo rod may carry a tai^et or plate of iron, clasped to 
it 80 aa to elide up and down, and be fixed, at will. This target may be variously 
painted, most simply wiiJi its upper half red and its lower half white. The hori- 
zontal line dividing the colors ia the line sighted to, tbe target being moved up 
or down till the line of sight strikes it. A hole in the middle of the target shows 
what division on tbe rod coincides with the horizontal lino, whan, it has been 
brought to the right height. 

If the height of aaotber point, 0, Fig. 420, not visible from the first station, be 
required, set the iustrumont so as to see B and C, and proceed exactly as with A 



Fig,4a0. 



and B. If C be 1 foot below B, as in the figure, it will be 5 feet below A If it 
were found to be 1 feet above B, it would be 3 feet alxive A. The comparative 
height of a series of any number of points, can thus be found in reference to any 
one of them. 

The beginner in tbe practice of levelling may advantageously make in hie note- 
book a shet«h of tbe heights noted, and of tbe distances, putting down each aa it 
ia observed, and imitating, as nearly aa hia acciu'acy of eye will permit, their pro- 
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poctional dkoensione.* Bui when lie observations are numerous, they should he 
kept in a tabular form, anch as that wbLch is given below. The names of the 
points, or "Stationa," whoso heights are demanded, are placed in tlie first column; 
and their heights, as finally ascertained, in rofercnoe to tlie first point, ia the last 
oolucan. The heights above the starting point are marked -)-, and those below it 
are marked — . The bdck-sight to any station is placed on the line below the 
point to which it refers. When a back-sight exceeds a fore-sighf^ their differenea 
is placed in the column of "Rise;" when it is less, their difference is a "Fall" 
The following table represents the same observations as the last figure, and their 
careful comparison 'will explain any obscurities in either. 



StiUona 


Df^tance. 


EMt^Hto. 


Fore-sights. 


E.^ 


Fall 


Total Helghia 


A 












0,00 


B 


100 


3.00 


6.00 




-4.0C 


-4.00 





60 


3.00 


4.00 








D 


*0 


2.00 


1.00 


+ 1.0C 




-4.00 


K 


10 


fl.00 


1.00 


+ S.OC 








60 


2.00 


e.oo 




-4.00 


-3.00 


15.00 


18.00 


-3.00 



Tlie above table shows that B is 4 feet below A ; that C is 5 feet below A ; that 
E is 1 foot above A ; and so on. To lest the caleulations, aild up the back-sights 
and fore-aghts. The difference of the sums should equal the last " total heiglit." 

Another form of the levelling field-book is presented below. It refers to the 
same stations and levels, noted in the previous form, and shown in Fig. 420. 



BtatJoua 


Distances. 


Back-alghte. 


ULInat above Datum 


Foro-alghla 


Total HelgLla 


A 










0.00 


B 


100 


2.00 


+ 2.00 


6.00 


-4,00 


C 


60 


S.OO 




4.00 


-5.00 


D 


40 


2.00 




1.00 


-4.00 


E 




e,oo 


+ 2.00 


1.00 


+ 1,00 


F 


60 


3.00 


+ 3.00 


6.O0 


-S.OO 


16.00 


18.00 


-3,00 



In the above form it will be seen tliat a new column is introduced, containing 
the Height of the Instrument (i, e., of its line of siglit), not above the ground 
where it stands, but above the Datum, or starting-point, of the levels. The former 
columns of "Kise" and "Fall" are omitted. The above notes are taken thus: 
The height of the starfing-point or " Datum," at A, is 0.00. The instrument being 
set up and levelled, the rod is held at A. The back-sight upon it is 2.00 ; there- 
fore the height of the instrument is also 2,00, The rod is next held at B, The 
fore-sight to it is 6.00. That point is therefore 6.00 below the instrument, or 
a.00 — 6.00^ — 4.00 below the datum. The instrument is now moved, and again 
set up, and the back-eight to B, being 8,00, the Ht, Inst is —4,00 + 3.00 =— 1,00; 



■c, the lii 



EEsry to contract: tli 
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App. c] The Practice. 413 

and so on; the HL Inst, being always obtaioed by adding the back-sight to the 
height ot the peg on -nbieh the rod is held, and the height of the next peg being 
obtained by eublraeting Iba fore-aight to the rod held on that peg, from the HtL Inst. 



The level lines giTen by tbeaa inatnimenta are ail lines of apparent level, and 
not of true level, which should curve wilJi the surface of tbe earth. TheBB level 
lines 8tril;e too high ; but the difference ia very Email in sights ot ordinary length, 
being only one-eighth of an inch for a sight of one-eighth of a mile, and diminisliiiig 
as the square of the distance ; and it may bo completely compensated by setting 
the instrument midway between the polnta Trhose diSerence of level is ilesired; a 
preoftuUon which should always be taten, when possible. 

It may be required to show on paper the ups and downs of the line whioh baa 
beea levelled ; and to represent^ to any desired scale, the heights and distances of 
the varions points of a line, its aacenta and desi^ents, aa seen in a side-view. This 
is colled a " Profile," It is made thus. Any point on the paper being assumed 
for the first station, a horizontal line is 3rawn through it; the distance to the nest 
station is meaanrod along it, to the required scale ; at tbe termination of this dis- 
tance e, vertical line is drawn ; and the given height of the second station above or 
below the Srst is set off on this vertical line. The point thus fixed determines 
the second station, and a line joining it to the first station represents the slope of 
the ground between tie two. The process ia repeated for the next station, Jic 

But the rises and falls of a line ai-e always very small in proportion to the dis- 
tances passed over ; even mountains being merely as the rougbnesses of the rind 
of un orange, K the distances and the heights were represeutod on a profile to the 
same scale, the latter would be hardly visible. To mate tbem more apparent it 
is usual to " exaggerate the vertical scale" ten-fold, or more ; L e, to make the 
representation of a foot of height ten times as great as that of a foot of length, aa 
in Fig. 430, in which one inch represents one hundred feet for the distances, and 
ten feet for the heights. 

The preceding Introduction to Levelling has been made aa brief aa possible ; but 
by any of the simple instruments described in it, and eitbei' of its tabular forms, any 
person can determine with sufficient precision whether a distant spring is higher or 
lower than his house, and how much ; as well as how deep it would be necessary 
to cut into any intervening bill to bring the water. He may in like manner aseer- 
tain whetlier a swamp can be drained into a neighboring brook ; and can cut the 
necessary ditches at any given slope of so many inches to the rod, &a^ having tbus 
found a level line ; or he can obtain any other desired information which depends 
on the relative heights of two points. 

To explain the peculiarities of the more elaborate levelling instruments, the 
precautions neoessaiy in their use, the prevention and correction of errors, the 
overcoming of difGculties, and the various complicated details of their applications, 
would require a great number of pages. This will therefore be reserved for an- 
other volume, as annonnoed in the Preface. 
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